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PREFACE 


Livestock breeding has been an art for thousands of years. Using more 
or less true rules of thumb, along with their native intelligence, breed¬ 
ers of past ages developed some remarkably fine types and specimens 
in all the various classes of livestock. We owe them a tremendous 
debt. Art is skill gained by experience which, needless to say, will 
never become outmoded in animal breeding. The tools of the breeders 
art are mating systems and selection. Art in short is concerned with 
the “How” of breeding. 

But from time immemorial breeders have wanted to know the 
“Why” of the success or the failure of their “How.” In the past 50 
years the answers to the “Why” have been discovered. They were 
found in the gradually accumulating knowledge of the physiology 
of reproduction and the laws of heredity. When separate facts become 
organized into a body of truth, we call it a science. We now have a 
science of breeding to serve as a foundation on which an improved 
art of breeding can be based. 

A clear understanding of the mechanisms of reproduction and 
heredity is essential if the art of breeding is to be given the maximum 
opportunity for its fullest expression. This we have tried to supply 
in the simplest terms possible, together with an explanation of the 
way in which the mechanisms operate in every man’s barnyard. 

This book is intended for students and breeders who may or may 
not have had the opportunity for organized study in physiology, 
zoology, and genetics. We hope it may prove useful in schools and 
colleges, and we are confident that the practical breeder will find it 
both interesting and valuable in his continuing battle to hold the 
good things now present in his herd or flock and to add more in the 
coming years. 

Practical examples of the success or failure of the reproductive 
mechanisms, and of the way characters are transmitted, abound in 
every institution herd and on every farm. They should be noted and 
correlated with the principles being studied. This will make the 
material “come alive” to the student and he will begin to learn 
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the truth of the statement that “the only education worth while is 
self-education.” 

There is nothing mysterious about breeding better livestock. Any¬ 
one who will master the basic facts about reproduction and heredity, 
and mate and select his animals intelligently on the basis of known 
records of performance can be successful. 

Grateful acknowledgment is here given to our Consulting Editor, 
W. A. Ross of the Vocational Division, U.S. Office of Education, for 
his able assistance in the preparation of this book. 


The Authors 
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SECTION ONE 


Background for Animal Breeding 



THE THOROUGHBRED 


The Thoroughbred is produced by careful 
thought, persistent effort, thorough training; by 
a desire to excel, to be in the forefront, to rise 
above the dead-level of mediocrity. The 
Thoroughbred wants to do better tomorrow 
than he did today; to accomplish more next 
year than he did this year. The Thoroughbred 
is willing to take a high leap, even though he 
knock off the top rail of the barrier and come a 
cropper. If he comes a cropper today, he will go 
back and train and fit and practice and try 
again and again, until he clears the barrier 
and has daylight left. 

The scrub walks up to the barrier, takes a 
look, and says that it is too high, that it is use¬ 
less to try; he has not the nerve to make an 
effort; he settles back into the pasture which is 
enclosed by the barrier and where the feed is 
short, tough, and dry, and drags out a miser¬ 
able existence on poor feed, poor shelter, and 
poor care. His eye grows lackluster ; his coat 
poor and scanty; his ribs push through his hide. 
He curses his luck and bemoans his hard fate 
and the lack of those things which he says the 
world owes him. . . . 

The Thoroughbred recognizes that in order 
to be, he must do. The scrub refuses to do, and 
then curses the rest of the world because he can¬ 
not be. There is an abundance of feed and 
water and shelter in the Thoroughbred pasture 
for all. 

Be a Thoroughbred; don't be a whiner. Try 
the barrier. If you knock the top rail off or the 
two lop rails, keep on trying; keep on using 
your pluck, your perseverance, your tenacity, 


your individualism. Be a Thoroughbred or die 
a-trying. I'd rather really live while I live and 
die at thirty, a Thoroughbred, than be a scrub 
Methuselah. 

The Thoroughbred never quits while the 
heart beats and the lungs perform their func¬ 
tion. The scrub quits when he gets tired, and if 
given the quirt and steel, lies down with the 
saddle on. You can usually tell the Thorough¬ 
bred by the expression of the eye, the motion of 
the nostrils, the carriage of the head; that 
individual something that the real judge recog¬ 
nizes but cannot quite describe in language. 

The real race in life is not for the . . . 
scrub; it calls for blood, for bottom, for nerve, 
for perfect condition, and, above all, for a cool, 
quiet courage and an absolute self-confidence; 
a courage and a confidence that are not daunted 
because the other fellow gets away from the 
wire first, is ahead at the quarter, the half, the 
three-quarters. Almost every great race where 
the stakes were large has been run and won in 
the homestretch under whip and spur used with 
tact, judgment, and courage; with the rider 
standing in his stirrups, reins wrapped around 
his hands, with every muscle like the strings of a 
tuned instrument; with his face in his horse's 
ears, rolling him with the energy of a dynamo 
at every jump; with the spurs drawing blood; 
the horse's eyes flashing, his sides heaving, his 
nostrils working like the exhaust from a pair of 
powerful bellows; with every muscle working as 
smoothly as the mechanism of a high-priced 
watch and the heartbeat as true and regular as 
the tick of a clock. That's the Thoroughbred. 


JUDGE V. H. STONE OF WYOMING 
COURTESY OF FLORENCE STONE DUGAN 



Chapter 1 


an introduction 

TO ANIMAL BREEDING 


Early American Agriculture 
Start of Breeding Associations 
Genetics and Reproductive 
Physiology 

Development of Genetics 
Nature of Variation 
Systems of Breeding 
Influence of Science on Selection 


Agriculture in the United States can be characterized as animal 
agriculture, since animals and their products account for 55 per cent 
of the American farm dollar. This is a fortunate circumstance for two 
main reasons. The first is that it enables our people to be well nour- 
ished. About 25 per cent of our food in America is of animal origin 
and 75 per cent of plant origin. In Asia, on the other hand, only 3 per 
cent of the food of humans is of animal origin; 97 per cent comes from 
plants. Pearson and Harper in “The World’s Hunger” estimate that 
the world’s present agriculture could support only 900 million people 
at the American standard of living. The present world population is 
2 \/i billion, most of whom do not eat well—judged by our standards. 
Meat, milk, and eggs are very palatable to most of us, and in addition 
they are highly nutritious. America’s place of leadership in world 
affairs is due in no small measure to the energy and good health we 
derive from a good diet and the feeling of well-being which comes from 
it. A good sound animal husbandry would seem, therefore, to be one 
of the basic foundations for a progressive civilization. 

The other great advantage of an animal agriculture is the fact that 
the growing of grass helps to prevent soil erosion, while clean culti¬ 
vated crops encourage it. In addition, animal manures contain 50 to 
80 per cent of the chemical elements originally present in grass and 
grain, and contribute these as well as organic matter to the soil. Our 
greatest, and also indispensable, natural resource is our top soil. If 
we should lose that, plant and animal life, including man, would soon 
disappear from the earth. Still a third advantage of animal agriculture 
is that animals provide a reserve source of food which could help to 
tide us over a short period of crop failure. Finally, of course, the 
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breeding and care of livestock furnishes a calling, a way of life, that 
those of us who are interested in it would not trade for another occupa¬ 
tion, no matter what the salary, because we love to work with animals. 
Each young person should try to find an occupation which he likes. 
If you can honestly say “there’s no fun like work,” you have one of the 
principal ingredients for a happy life. And what’s more, you will never 
have to work, because work is best defined as “doing ‘something you 
don’t want to do.” 



FIGURE 1. Sources of the American farm dollar in 1948. (U.S. Department of 
Agriculture) 

Early American Agriculture. When the first permanent settlers 
came to America in the early 1600’s, there were no horses, cattle, 
sheep, or swine here. There had been horses here earlier, as evidenced 
by their skeletons found in various places in North and South America, 
but something had caused them to disappear. The early settlers, 
therefore, brought animals with them from various places in Europe. 
At that time, there were no distinct breeds of animals as we know them 
today, but there were in Europe various local varieties, probably quite 
well adapted to their local environments. Being brought to America 
meant that they had to become adapted to the new conditions and, 
no doubt, at first, to a reduced supply of feed. This must have been a 
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merged with improved breeds. This adapting period went on to 
3y 200 years, or from 1620 to 1800, through the pioneering and 
Colonial period in America. Oxen and horses provided power to draw 
thc crude P wooden tillage instruments, although most farm work wa 
hand work; cattle gave some milk beyond the needs of their cal ^ esa ’ 
alone with hogs, some meat to add to that supplied from wild game , 
sheep produced the wool for essential clothing but not much meat. 
Thiswas largely the period of the diversified and self-sufficient farm. 

sLrt of Breeding Associations. The next period in American 
animal husbandry covers the years 1800 to 1870, or up to the time 
thc beginning of the establishment of thc purebred breed associations. 
In large'measure it wa, a continuation of thc previou, pertod but w.th 

some outstanding additions. , . . ,, 

The most noteworthy development, as regards animals, was thc 
spreading influence of the work of Robert Bakewcll, an Englishman 
born in 1725. In 1760 he began his animal breeding work at Dishlcy, 
England, with horses, sheep, and cattle. His success in ‘^proving his 
stock is said to have been due to three things: (1) He had definite 
ideals—in beef cattle, for example, a low-set, blocky, quick-maturing 
animal almost unknown at that time; (2) he leased rather than sold 
males and returned them to his own farm if they transmitted desirable 
qualities; and (3) he bred the best to the best regardless of relation- 
ships which often meant rather close inbreeding. Inbreeding led to 
the development of relatively true breeding strains, although there 
were no herd books until many years later. Bakewell’s methods were 
widely copied and thus the foundations of the pure breeds were laid. 
Large numbers of these relatively purebred animals of various strains 
were brought to America to be bred pure and to be mated to the local 
strains which had emerged from the test of “the survival of the fittest.” 
Thus pedigree breeding was initiated in Britain and brought to 
America. 
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During this period many significant changes occurred in America 
and its agriculture. The country expanded to the west, improved 
transportation systems were developed, cities grew (thus providing 
better markets), and improved farm machinery provided the means 
for an ever-increasing production of both crops and animals. 

With the formation of the various breed associations during the 
period from 1870 to 1900, great impetus was given to livestock 
improvement. Breeders in all sections of the country thus pooled their 
separate interests. Registry books were set up to keep the breeds pure, 
and a vigorous, competitive spirit was developed by the various breed 


FIGURE 2. Jersey cow, Khedive’s Primrose. First-prize cow in 1882. (Courtesy oj 
American Jersey Cattle Club) 

associations. As we look back we can easily sec that a better job could 
have been done—more rigid selection and refusal to register inferior 
purebreds would have strengthened all breeds and much of the breed 
promotional activity was not genetically sound. Nevertheless, the 
purebred contribution to improved animal husbandry in America is 
beyond calculation. This is not to say that every breed has shown a 
steady march toward perfection. Most of the breeds have had ups and 
downs and some breeds seem to be in a downward trend at the present 
time as regards the efficient production of their respective products. 
In short, breeds can, and do, go. up and down just as herds do. 

Genetics and Reproductive Physiology. Nevertheless, the past 
75 years have witnessed a steady growth in the over-all excellence of 
American livestock. This is largely due to the development of the 
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sciences of reproductive physiology and genetics and, of course, to 
improved feeding and management also. Genetics has provided an 
explanation of the similarities and differences between or among 
related animals, and is daily being put to practical use in animal 
improvement. 

Along with genetics, or the mechanism of inheritance, the other 
basic foundation stone underlying a successful practice of animal 
husbandry is the science of reproductive physiology. This really is the 
basis of all animal husbandry, since if our animals fail to reproduce 


FIGURE 3. Jersey cow, Sybil Design Eita. Grand Champion Jersey cow, 1947 to 
1948. {Courtesy of American Jersey Cattle Club) 

we are very soon out of business. The last 50 years have yielded a 
rich harvest in this field too. The mechanisms of reproduction arc now 
quite thoroughly understood and we are daily putting this knowledge 
to practical use in the more regular breeding performance of our 
females and in the greater use of good sires through artificial breeding. 

How far we have come in reproductive physiology and genetics 
during the past 50 to 75 years can perhaps be illustrated best by a few 
quotations. In 1875 magic and superstition pretty well ruled the roost. 
The sperm of the male had been discovered by Leeuwenhoek and 
Ham in 1677 and the Mammalian egg by von Baer in 1820 although 
it was not until 1849 that Thuret first observed the actual fertilization 
of the egg by the sperm. In 1875 Hertwig showed that fertilization 
actually consisted of the fusion of the nucleus of the egg with that of 
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the sperm, thus indicating the essential sameness of the influence of 
the sire and dam in hereditary transmission. Nevertheless, one of the 
leading scientists of the day, a staff member of Harvard University, in 
speaking to a group of farmers about 1870 said, “To a breeding 
female the character of the first male she receives is a matter of great 
consequence. The whole succession of her progeny is determined by 
the first connection she has with a male; and a female which has been 
badly connected will never produce as fine a breed as one which was 
well mated at the start. Unquestionable that first connection in a 
measure affects all future progeny.” This erroneous belief was dignified 
by the name of telegony. 

It was also wrongly believed at this time that the surroundings of 
pregnant females influenced qualities of the young. Some Angus 
breeders are said to have painted their barns and fences black to 
ensure black calves. Many breeders hung beautiful animal paintings 
in barns in order to “inspire” the females to drop champions. This 
general belief in the power of “maternal impressions” has now pretty 
well faded out of livestock breeding, but still persists in many quarters 
as regards the human. 

There were scores or hundreds of theories bandied about regarding 
the methods of controlling the sex of offspring: young male and old 
female for male calves, or vice versa; breed early in heat for males, 
late for females; face east when breeding for males; drive male nearly 
to exhaustion before breeding for females, and so on. 

Certain colors in animals were believed invariably to accompany 
certain excellencies, defects, or abnormalities. Breeders were advised 
to let their best cows nurse their calves for several months for “if we 
arc to make the most perfect animal, it must run with the mother until 
she has imparted to it all she can.” The rule was to take the cow to the 
bull at the first sign of heat—now recognized as entirely wrong. Also 
“never use a bull ‘till he is three years old nor a horse until he has 
reached maturity.” 

In the field of heredity, there were many beliefs hindering animal 
improvement, for example: 

The most probable supposition is that propagation is done by 
halves, each parent giving to the offspring the shape of one-half 
the body. Thus the back, loins, hind-quarters, general shape, 
skin and size follow one parent; and the forequarters, head, vital 
and nervous system, the other; and we may go so far as to add 
that the former, in the great majority of cases, go with the male 
parent and the latter with the female. 
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FIGURE 4. Holstein-Friesian bull (top) Chip of Neuie and Aaggic; and cow ( bottom ), 
Rosehill Fayne Wayne—All-American aged bull and cow for 1948. (Courtesy of 
Holstein-Friesian Association of America) 

There were many variations of this: for example, “the male gives 
the back of the head and locomotive organs, and the female the face 
and nutritive organs.” Great store (or fear) was laid by atavism, or 
reversion to ancestral forms. 

Long lists of supposedly hereditary diseases were often published, 
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“in neat cattle scrofula, consumption, dysentary, diarrhea, rheuma¬ 
tism and maligant tumors.” 

All characteristics “acquired” by an animal during its individual 
existence were believed to be transmitted to their offspring; so breeders 
were admonished “to grasp and render permanent and increase so 
far as practicable every variation for the better and to reject for breed¬ 
ing purposes such as show a downward tendency.” We know now, of 
course, that no so-called acquired characteristics are heritable. Dr. H. E. 
Walter neatly summed up the Inheritance of Acquired Characters 
notion with his remark that “evidently wooden legs are not inherited 
but wooden heads are.” 

Development of Genetics. Gregor Mendel, an Austrian Monk, 
discovered the basic principles of inheritance from his experimental 
plant-breeding during the period 1858 to 1865. He published a paper 
in 1866, but it lay unnoticed for 34 years. Not until 1900 did three 
botanists working independently rediscover the same basic principles, 
and in searching the literature they came across Mendel’s earlier 
paper. For this reason the laws of heredity are often called Mendelism. 
Mendel and his followers showed that inheritance was an orderly 
process and that qualities were controlled by entities, now called 
genes, carried in the germ cells. Mendel crossed tall peas with dwarf 
and got all tall offspring in the first generation and a ratio of three 
tails to one dwarf when two first-generation hybrids were crossed to 
produce the second generation. Hofmeistcr had seen the discrete 
nuclear bodies in cells in 1848 and they were named chromosomes by 
Waldeyer in 1888. In 1884 to 1885 several men identified the cell 
nucleus (and the chromosomes) as the basis of heredity. 

The chromosomal theory of heredity has been abundantly sub¬ 
stantiated during the past 50 years. Each species of plant and animal 
has a characteristic number of pairs of chromosomes—man 24 pairs, 
corn 10 pairs, cattle 30 pairs, etc. Each chromosome is made up of 100 
to 1,000 or more genes in a linear series like beads on a string. When 
a bull sperm fertilizes an egg, each of the 30 chromosomes of the bull 
finds a mate in the ovum or egg. The new individual arising from this 
fertilization therefore has 30 pairs of chromosomes (many thousands 
of genes). When this new individual reaches sexual maturity, it will 
produce sperm (or ova) which contain one or the other member of 
each pair of 30 chromosomes. An animal might, therefore, transmit 
any combination of its own maternal and paternal chromosomes—all 
30 from its sire and 0 from its dam; 29 from sire and 1 from dam, 28 
from sire and 2 from dam; all the way down to 0 from sire and 30 from 
dam. These possible combinations follow the law of the expansion of 
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hinomial with the great preponderance of sperm or eggs having 
chromosomes' from the sire and one-half from the 

^Inheritance, therefore, is best described as a halving and sampling 
ocess that is, every animal transmits a sample half of its own 
wpditv to each offspring by means of an egg or a sperm. 

If any male is not transmitting as we should like him to, we shou 
not become angry at him. All he can do is pass along sample halves of 
what his parent gave him. If that displeases us, then we must be more 
careful to mate the correct male to the correct female so that their son 
will have only “good” sample halves of heredity to pass to his offspring. 
We might sum up the whole matter of breeding right here by saying 
fha t “whenever better eggs are fertilized by better sperm, we will 
automatically get better offspring,” and of course, there is no other 
nossible way to get them. 

V Applying the genetic principles to livestock improvement is 
difficult for the simple reason that most commercially or aesthetically 
desirable qualities arc determined by the interaction of hundreds or 
thousands of genes scattered through all the 19 to 30 pairs of 


chromosomes. . . 

Nature of Variation. Variation, or the tendency of animals to 

differ from their parents, has been described as “the hope and the 
despair of the breeder.” Our ideas concerning it have gone through 
several changes during the past 75 years, especially during the last 20. 
It was thought originally that all variations, those caused by the 
environment as well as those caused by the genes and chromosomes, 
were heritable. We know now that no environmental variations are 
heritable. If an animal is superior in milk, meat, or egg production 
largely because of a very favorable environment, its offspring will not 
be superior unless it also gets a very favorable environment—and 
may not be even then. Even an animal that is superior because of a 
favorable heredity will not necessarily pass along its superior qualities 
to its offspring. An animal transmits only a sample half of its inherit¬ 
ance, not the whole of it, and many “good” and “bad” sample halves 
are possible in most animals because they are mixed (heterozygous) 
rather than pure (homozygous, which means they get the same 
hereditary determiners from both parents). 

In short, as regards variation, the breeder must try to distinguish 
between performance influenced by the environment and that con¬ 
trolled by heredity—in other words make allowance for environment 
when practicing selection. Recent studies have shown that the amount 
of butterfat is only about 25 per cent heritable. This means that if a 
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cow is 100 lb. above the breed average, we can expect her daughter 
to be only 12.5 lb. above, due to the inheritance from her dam. 

Systems of Breeding. Concerted studies on systems of breeding 
during the past few years have shed much new light on this very 
important phase of animal breeding. In 1878 BeaL demonstrated the 
superior yield of crosses between different varieties of corn. This idea 
is now being quite fully exploited in “hybrid” corn. Several new 
breeds of livestock have resulted from crossbreeding, followed by 
varying degrees of inbreeding. Heterosis, or hybrid vigor, often results 
from crossbreeding between breeds or widely unrelated strains in the 
same breed. Because of the mixed genetic nature of crossbreds, how¬ 
ever, we can expect considerable variation in crossbred offspring. 

Inbreeding was used to a considerable extent in the formative 
periods of many breeds. Miss H. D. King 1 showed that inbreeding of 
white rats accompanied by rigid selection could result in improving 
certain strains in many or most respects. Inbreeding experiments with 
swine seem to indicate that inbreeding will, on the average, bring 
about a decrease in vigor, litter size, and other characteristics. Never¬ 
theless some swine breeders have used inbreeding very successfully. 
It seems evident that inbreeding will intensify whatever we start with, 
so that, if we start with desirable genetic material, inbreeding and 
selection may make it better, at least in some respects. Certainly in- 
breeding will cause many lines to grow worse and often pass out of 
existence completely. 

Influence of Science on Selection. Genetics and its applied 
branches arc having a profound influence on selection. Seventy-five 
years ago the only tool breeders had was the crude one of “like 
begetting like.” We should still use the old tool, that is, select from 
good individuals and from those with good pedigrees. But there is 
much more that we can and should do. We now have much more 
accurate tools for determining which animals are genetically superior. 
We have learned slowly and painfully that individuality tells us 
what our animal seems to be , and pedigree tells us what it ought to be , but 
only the final test, the progeny, can tell us what it actually is genetically. 

Progeny tests for plants were first suggested by Louis de Vilmorin 
of France in the decade 1840 to 1850. Hansson of Sweden suggested a 
Sire Index for milk animals in 1913. His idea was to compare dams’ 
and daughters’ production to see whether the sire was transmitting 
genetically desirable things to his daughters. If the environment has 
been essentially the same for both groups, if the qualities are compared 
on a standardized basis, and if selectivity of daughters is held to a 

1 H. D. King, “Studies in Inbreeding,” Wistar Institute, Philadelphia, 1919. 
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minimum, progeny tests are the most accurate ones a breeder can u • 
They do take time, however, and as we shall see later, they are m 
more useful for some traits than for others. . 

To take the guess out of breeding, we know we must select 
n roved parents. There is a good likelihood that a young sire will 
transmit well if he is the son of a good proved sire and is out of a good 
proved dam—one with several good records and good 
His final worth as a sire, however, will not be known until his offsp 0 

have proved themselves. 

The last 75 years have witnessed great changes in the possible suc¬ 
cess of a breeder’s efforts. In 1876, he relied chiefly on intuition, 
hunch, and superstition. His most quoted rule of inheritance and his 

selection tool was “like begets like.” . 

Today the physiology of reproduction is a well-established science, 
the principles of heredity arc known; the possibilities and pitfalls ot 
both outbreeding and inbreeding have been abundantly demon¬ 
strated; and the best methods of increasing the store of good genes in a 
herd or a breed and decreasing the proportion of bad ones (in short 
the best methods of selection) are now available to any one who will 
read. Time, no doubt, will provide us with still more effective selection 
indexes, but wider use of what is presently known would greatly speed up 
animal improvement. 

Down through the ages hundreds or thousands of practical men and 
scientists have contributed their bit to animal improvement. Each 
built on what his forerunners had done or discovered. Many breeders 
and scientists are today making their contribution. The value of these 
contributions may be recognized next year or 50 years hence. The 
greatest joy and satisfaction is that of a job well done. That’s a daily 
possibility for any breeder or investigator. The past has given us a 
great heritage—it is our job and our fun to pass it on improved to 
those who will follow. 

For success in breeding livestock a knowledge of the sciences of 
reproductive physiology and genetics is essential. This might be called 
the science of breeding. But breeding is an art too—the knack of applying 
systems of breeding and selection in such a way that improvement in 
type, production, longevity, regularity of breeding, etc., as well as the 
ability to transmit these desirable qualities to many offspring, will 
result. 


SUMMARY 

This introductory chapter is devoted to a general survey of the 
various stages in livestock development in the United States. Special 
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attention is directed toward the developments of the past 75 years. In 
this time there has come an almost complete revolution in our thinking 
concerning the most effective methods for livestock improvement. In 
the last 50 years the physiology of reproduction and the methods of 
hereditary transmission have become exact sciences, and superstition 
and magic have had to yield to scientifically proved facts. These 
advances, plus a wealth of experimental evidence regarding systems 
of breeding and selection, have finally made it possible to put a firm 
foundation under plans for breeding better livestock. 

QUESTIONS 

1. What are the advantages of animal agriculture? 

2. What was the state of animal husbandry when the first settlers arrived 
in America? 

3. What great change in animal husbandry occurred in the early 1800’s? 

4. When were breed associations first formed? 

5. What arc the functions of breed associations? 

6. What handicaps did breeders of animals face before 1900? 

7. Describe inheritance in two words. 

8. Of what importance is a correct understanding of the causes of variation? 

9. On what things do most breeders base their selection of breeding stock? 

10. How docs meat consumption in the United States at present compare in 
amount with that in England, Germany, Italy, Russia, and China? 

11. How docs milk consumption in your state compare with that of any five 
other states? 

12. What is the relative size of farm income from animal and plant sources 
in your state? 

13. What were the principal reasons for Bakewell’s success in animal breed¬ 
ing? 

14. What are the principal obstacles to livestock improvement in the United 
States? 

15. Visit some breeders in your neighborhood and see what you can learn 
from their methods of selection. 

16. What is the relative importance of horses, dairy cattle, beef catde, sheep, 
and swine in your state? 

17. List some advantages and disadvantages of keeping registered, purebred 
livestock. 

18. List some advantages and disadvantages of keeping grade livestock. 

19. Do you consider the field of livestock breeding to be an attractive one at 
the present time? Why? 

20. List any ideas or opinions that your study of this chapter has caused you 
to change. 
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Man is probably the only species which concerns itself with the ques¬ 
tions of where it came from, why it is here, and where it is going. 
Different people get different answers to these questions. Scientists 
now believe that the earth and the other eight planets were formed 
from the sun a few billions of years ago. It is thought that life first 
arose on this planet 1 to 2 billion years ago. Given life and variation, 
a long, varied, and increasingly complex scries of forms or species 
could arise. There are on the earth about 800,000 species of animals, 
most of them insects, and about 250,000 species of plants. Whether 
there are living forms on the other planets is a much debated question. 

The period from 100,000 to 200,000 years ago is known as the Old 
Stone Age, when crude stone and bone implements were fashioned 
and used by our forebears. The Old Stone Age ended about 14,000 
years ago and was succeeded by the Middle Stone Age and that was 
followed about 10,000 years ago by the New Stone Age, when sharper, 
polished stone and bone tools came into use. All these “stone ages” 
merged gradually into the newer ones and then with the Metal Ages— 
Copper, Bronze and Iron—about 1,000 to 5,000 years ago. 

For many thousands of years our forebears had little or no security. 
At first they were probably hunters and food gatherers, living on what 
roots, fruits, and tender leaves they could find and on what insects, 
birds, fish, and other animals they could capture or kill. That they 
were able to survive at all is a source of wonder. Eventually, in the 
New Stone Age, man conceived the idea of domesticating plants and 
animals to increase and ensure his food supply. 

15 
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ANIMAL DOMESTICATION 

The domestication of plants and animals was the greatest turning 
point in man’s long history. Previously, man was forced to devote all 
his time, thought, and energy to getting enough food. Without agri¬ 
culture and animal husbandry, there could have been no cities, no 
science, no civilization. The domestication of animals and plants pro¬ 
vided the foundation on which civilization could be built. 



Punjab Southdown 

FIGURE 5. The sheep and some of its cousins. (Courtesy of New York Zoological Society ) 

The exact times and places of animal domestication are not known. 
It probably occurred 8,000 to 10,000 years ago in Asia, possibly 
around the Mediterranean Sea, or even in Europe. How it was done 
is also unknown, although it is easy to think of several possibilities. 
Neither is the time order of the domestication of the several kinds of 
animals known, although many think the dog has the distinction of 
having been first. 

The Dog. Since the dog is very similar in its anatomical and 
skeletal features to the wolf, it is thought that the dog is an offshoot of 
the wolf tribe. Dogs are represented in Egyptian monuments as far 



17 


ANIMAL DOMESTICATION AND DEVELOPMENT 

back as 3400 b.c., and various breeds of dogs existed during the height 
of the Roman civilization. Their skeletal remains are found as far back 
as the New Stone Age and possibly as far back as the Old Stone Age. 
They have been used for draft purposes for a very long time and may 
have originally served as a source of food. There are now six distinct 
groups of dogs, namely, the hound, greyhound, mastiff, spaniel, 



FIGURE 6. St. Bernard (Hcrcuveen Chum) and Chihuahuas (La Rex Doll Pon Pon 
and La Rex Doll Snowflake), the results of nature’s variation and man’s selection. 
{Underwood and Underwood News Photos , Inc.) 

terrier, and wolflike. Mason’s “Dogs of All Nations” lists 183 breeds 
of dogs from 39 countries. The variations in the different breeds of 
dogs as to size, form, color, coat, jaw shape, length of body, tempera¬ 
ment, vitality, and educability cover a wide range. All of them, from 
the huge Saint Bernard to the tiny Mexican Chihuahua, are the 
results of nature’s variations plus man’s selection. In Life magazine, 
January 31, 1949, there was a very interesting story under the title 
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“Dogs of America,” with many beautiful illustrations showing the 
probable origin of many of our present day breeds. 

The Horse. The horse has been one of man’s most useful animals, 
although horses are now dwindling in number. He is related to the 
tapir and the rhinoceros, although generally taller and swifter than 
these relatives. It seems probable that the steppe horse, the desert 
horse, and the forest horse contributed to the formation of modern 
horses. The earliest record of the horse dates back to the Old Stone 
Age about 25,000 years ago. Rock carvings of the horse were made 
but do not show him harnessed, ridden, or attached to any sort of 
vehicle. He is first shown hitched to a chariot about 2,000 years ago in 
Greece; the first Egyptian records of the horse are dated about 
1600 b.c. 

The development of the Arabian horse by the Bedouins of the desert 
is generally recognized as the first great achievement in animal breed¬ 
ing of which there is any definite record. The Arabian breed probably 
was used later to refine the larger “cold-blooded” horse of the coun¬ 
tries to the west and north, particularly France and England. The 
Arab, as well as the Barb and Turk, horses were also used to cross 
with the race horse of England, thus laying the foundation for the 
Thoroughbred. There were about 4 million horses in the United 
States in 1840 (the year of the first Agricultural census), about 21 
million in 1918, and about 5 million in 1950. 

The ancestry of the horse has been traced back about 55 million 
years by means of skeletons found in descending layers of the earth’s 
crust. In that dim past the forerunner of our present day horse was an 
animal about 10 to 20 in. tall, with four toes on the front feet and 
three on the back. Twenty million years later he stood about 25 in. 
tall and had three toes fore and back. Gradually since then he has been 
reduced to but one toe (with two splints), but his size has greatly in¬ 
creased and his teeth have developed into more efficient tools for 
grinding feed. Scries of skeletons showing these changes are on exhibit 
at Amherst College in Massachusetts and the Museum of Natural 
History in New York. 

Cattle. Our cattle are probably descended from more than one 
wild form. There arc at present two types of domestic cattle, including 
the ordinary cattle and the humped cattle of tropical countries. 
Humped cattle were domesticated as early as 2100 b.c. Cattle play an 
important part in Greek mythology and were sacred animals in many 
older civilizations. A great variety of products useful to man are de¬ 
rived from catde and in some areas of the world they are still a very 
important source of power. They have several wild relatives—the 
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FIGURE 7. Wall painting of Egyptian hunter during XVII Ith dynasty, about 1400 
B.C. (Courtesy of The Metropolitan Museum of Art) 



Ayrshire Bull 


American Bison 


FIGURE 8. Some relatives in the genus Bos. (Courtesy of New York Zoological Society) 
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gayal, the banteng, the yak, the bison, and the buffalo, among others 
(see Fig. 8). 

Sheep and Goats. These two species are very closely related but 
differ in that sheep have glands in both fore and hind feet and do not 
have a beard. There are also skeletal and anatomical differences. 
Sheep probably originated in Europe and the cooler regions of Asia in 
the New Stone Age, and our modern sheep are thought to trace back 
to two remote ancestors of European and Asiatic origins. Their uses 
to man are too well known to merit discussion. They too have many 
wild relatives—the bighorn, the argali, the urial, the mouflon, and the 
bharal. 

Goats are also versatile in characteristics, yielding the underfur for 
Cashmere shawls, mohair, milk, meat, and draft power, and also pro¬ 
viding one means of clearing up brush land because of their fondness 
for all sorts of tender shoots. 

Swine. It appears that our modern breeds have descended from at 
least two wild stocks: the northern European breeds from the wild 
boar; those of southern Europe, Asia and Africa from Malayan pigs. 
They are closely related to pcccarrics and hippopotamuses. Most of 
the breeds of hogs found in America arc of our own breeders’ making, 
for example, Duroc, Poland China, Chester White, and recently 
newer breeds such as the Hampracc and Minnesota No. 1 have been 
formed. American breeders have also developed the American Saddle 
Horse, Standardbrcd Horse, Morgan Horse, and a few breeds of 
sheep. Within the past 40 years several types of cattle have been devel¬ 
oped in the Southern states combining Brahman and British blood in 
varying proportions. Of these the Santa Gcrtrudis is the best known. 

ANCIENT ANIMAL HUSBANDRY 

The historical record of man’s activities goes back some 5,000 to 
6,000 years. Paintings, carvings, and sculptures from the Babylonian, 
Assyrian, and Egyptian civilizations show that animals played an 
important part in man’s activities at those far-off times. These peoples 
had herds of oxen, sheep, and goats, and used donkeys for draft pur¬ 
poses and horses when waging war. Cattle were used for draft pur¬ 
poses as well as for the production of milk and meat. Agriculture and 
stock breeding were among the chief sources of wealth in Greece. 
When Alexander led the Greeks to Asia Minor and Egypt, a new and 
rich agricultural economy fell under Greek domination, including 
large studs of up to 30,000 mares and large herds of camels and oxen. 

The Roman Empire was formed near the beginning of the Christian 
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and had a well-developed agriculture and animal husbandry. 
We can get some idea of the relative importance of the various types 
of agriculture in the Roman Empire from the fact that Columella s 
13 books on agriculture included no whole book devoted to grain 
growing; V/i books were devoted to winegrowing, one each to fruit 
trees and to gardens, while livestock occupies four books. The 
Roman Empire began to wane in the third century and its fall a few 
hundred years later ushered in what is known as the Dark Ages in 



FIGURE 9. Statuettes of Roman animals in bronze, first century b.c. to third 
century a.d. (Courtesy of The Metropolitan Museum of Art) 


Europe. During these times agricultural improvement suffered, and 
the lot of the peasant and his animals was not a happy one. 

MEDIEVAL ANIMAL HUSBANDRY 

About 1,000 years ago, there was again an upsurge in the civiliza¬ 
tion of Europe, and the Spanish, French, German, and other nations 
came to the fore as the beginning of western civilization. This was the 
time of the feudal system when the land came to be held and ruled by 
powerful barons and the Church. Studs were set up to try to improve 
the horse for both war and commerce. Cattle also received more 
attention from the standpoint of meat and milk, as well as draft. 
Millions of sheep were to be found in the Low Countries, in France and 
Germany, as well as in Spain and Italy. There was improved cattle 
breeding in Scandinavia by the twelfth century and the art of fattening 
cattle on roots and legumes was first developed in the Low Countries. 

Animal husbandry seems to have received a great boost in England, 
beginning about the year 1700. At this time one-third to one-half the 
land was still cultivated on the open-field system, making it quite 
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impossible for an individual to improve his herd or flock when all the 
cattle and sheep grazed together on the same commons. This type of 
farming was especially hard on livestock because the commons were 
generally overstocked and writers spoke of “half-starved, greyhound¬ 
like sheep bearing a closer resemblance to living skeletons than any¬ 
thing else” and of mixtures of all the different kinds of cattle and of 
sheep, many of which were “diseased, deformed, small and in every 
respect unworthy of being bred from.” 

With the passing of the feudal system and the manors with their 
open fields, and with the change to individual ownership and the 
enclosing of fields, better methods of farming became possible. The 
cultivation of clover and improved grasses and the development of 
root crops made better wintering of livestock possible. 

How great was the change can be seen in the weights of animals at 
the famous Smithfield Market. In 1710, beeves had averaged 370 lb.; 
calves, 50 lb.; sheep, 28 lb.; lambs, 18 lb.; whereas in 1795 they were 
800, 148, 80, and 50 lb., respectively. Individual initiative encouraged 
by enclosures, the introduction and use of turnips and clover, the 
labors of agriculturalists like Tull and Townshend helped enormously 
to bring about these changes. 

MODERN ANIMAL HUSBANDRY 

The beginnings of modern animal breeding are to be found mainly 
in England and Europe. The real instigator of the movement was 
Robert Bakewell, as mentioned in the preceding chapter. 

Animal improvement had to wait until better methods of growing 
and preserving feedstuff's could be developed, since without suitable 
feed and care good inheritance is unable to express itself. In short, we 
might say that inheritance gives ability and environment gives oppor¬ 
tunity , and both are essential for full development of man or beast. 

Pure breeds of livestock in our modern sense trace back about 150 
years, although breed associations trace back only about half that far. 
The early settlers of America brought livestock with them, since there 
were no horses, cattle, sheep, or swine in America when they came. 
There were no breeds , as we use the term today, although there were 
local varieties. The early settlers needed transportation and developed 
horses which provided the foundation for the American Saddle Horse 
and the other riding horses, as well as the American Trotter and Pacer. 
Many desirable local varieties in all the classes of livestock were devel¬ 
oped in Colonial days. After distinct breeds had been formed in 
England and on the continent of Europe, they began to be imported 
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FIGURE 10. Grand Champion steer, a Hereford, ai the I'>49 International Live¬ 
stock Exposition, shown by Pecos County 4H Club, Ft. Stockton, Tex. ( Photograph 
Courtesy of ./. /•*. Abernathy Livestock Photo Company) 



FIGURE 11. (hand Champion barrow, a Berkshire, at the 1949 International 
Livestock Exposition, shown by Ohio State University. ( Photograph Courtesy of J. /**. 
Abernathy Livestock Photo Company) 
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into America, beginning about the year 1800. The founding of the 
cattle associations in the United States began about the year 1870; 
horse and swine associations about 1880; and the sheep associations 
about 1890, with new breeds continuing to be formed and new breed 
associations established right down to the present. All our breeds, 
foreign or domestic, are of relatively recent origin. All arose by the 
same process of repeatedly selecting for certain characteristics. The 
breeds have now, of course, been made relatively pure from the stand¬ 
point of type, color, and general appearance. It will take more careful 
selection in the future to make them pure for the commercially valu¬ 
able qualities such as rate and economy of gain, and milk yield. 
Breed associations were formed at the outset to promote particular 
breeds and to protect the purity of the breeds through official registra¬ 
tion. In these fields, the breed associations have done an outstandingly 
good job. The more difficult task of making the breeds pure for the 
commercially desirable qualities yet remains in large measure to be 
done. 


LIVESTOCK TRENDS IN THE UNITED STATES 

Animal breeding is one of the largest industries in the United States. 
The total national income in 1950 was 239 billion dollars. Farm 
income was 28.7 billion and of this 16 billion was income from live¬ 
stock and livestock products. Animals of some sort are to be found on 
about 90 per cent of our farms in the United States. Livestock breeding 
involves nearly 200 million farm mammals, 700 million poultry and 
other birds, in addition to an innumerable host of dogs, cats, white 
rats, and also foxes, ferrets, and other fur bearers, not to mention 
among others guinea pigs, guppies, and goldfish. Animal breeding for 
some is a hobby, but many thousands of people depend upon it for 
their livelihood. In terms of food, clothing, and the maintenance of 
soil fertility, every person in the United States has a stake in its 
success. 

In Table 1 will be found an enumeration of the various farm mam¬ 
mals over the past 70 years. It is obvious from Table 1 that mechanical 
power has been rapidly supplanting horse and mule power since 1920. 
Whether machines will entirely supplant horses and mules as power 
units, the future will tell. Only from one-fourth to one-half as many 
work horses and mules are being produced as would be needed to 
maintain their numbers. On the other hand, there seems to be a grow¬ 
ing interest in the horse for pleasure purposes. Dairy cattle numbers 
have shown a steady increase over the last 70 years. Meat animals 
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Tabic 1. Number and Average Value per Head of the Various Classes of Farm 
Livestock in the United States , 1880-1950 _ 


Year 

Horses on farms 

Mules on farms 

Dairy cattle 

Number 

(000 

omitted) 

Average 

value 

Number 

(000 

omitted) 

Average 

value 

Number 

(000 

omitted) 

Average 

value 

1880 

1890 

1900 

1910 

1920 

1930 

1940 

1950 

10,903 

15,732 

17,856 

19,972 

20,091 

13,742 

10,616 

4,763 

S 53.74 
69.27 
43.46 
107.70 
96.45 
69.98 
77.43 
43.40 

1,878 

2,322 

3,139 

4,239 

5,651 

5,382 

4,321 

1,990 

S 61.74 
77.61 
51.46 
119.98 
148.29 
83.93 
114.53 
82.00 

11,754 

15,000 

16,544 

19,450 

21,455 

23,032 

25,334 

24,579 

8 23.31 

22.30 

31.30 
35.40 
81.51 
82.70 
57.22 

218.00 

Year 

Cattle other than milk cows 

Sheep 

Hogs, including pigs 

Number 

(000 

omitted) 

Average 

value 

Number 

(000 

omitted) 

Average 

value 

Number 

(000 

omitted) 

Average 

value 

1880 

1890 

1900 

1910 

1920 

1930 

1940 

1950 

31,593 

45,014 

43,195 

39,543 

48,945 

39,971 

43,435 

59,600 

S 15.75 
15.16 
24.67 
19.20 
39.99 
40.38 
30.86 
136.00 

44,867 

42,693 

45,065 

46,939 

37,328 

45,477 

48,473 

28,065 

S 2.18 
2.29 
2.97 
4.06 
10.59 
9.00 
6.33 
26.40 

44,327 

48,130 

51,055 

48,072 

60,159 

55,705 

58,312 

65,028 

S 4.40 
4.80 
5.36 
9.05 
20.00 
13.45 
7.79 
33.20 


have had only a slight actual increase in numbers, but they now 
mature more rapidly than formerly, the quicker turnover actually 
meaning more product from a given number of animals. Many fac¬ 
tors, of course, influence the numbers of animals kept on farms from 
year to year. The magnitude of the total value of American livestock 
and the meagerness of the average value stand in marked contrast to 
each other. Both these points indicate opportunity for the livestock 
breeder. 

Table 2 shows the trend in total numbers and total value of farm 
livestock in the United States by decades for the past 70 years, and 
also the trend in human population. It shows that the breeding of 
livestock is one of the most important types of endeavor in this 
country. 
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Table 2. Total Numbers and Value of Farm Mammals and Human Population , 

United States , 1880-1950 * 


Year 

No. of all farm 

Value of all 

Human population , 

livestock 

farm livestock 

United States\ 

1880 

120,990,000 

% 1,576,636,520 

50,156,000 

1890 

165,286,000 

2,418,774,100 

62,948,000 

1900 

170,315,000 

2,581,751,910 

75,994,000 

1910 

178,355,000 

4,649,803,510 

91,972,000 

1920 

196,875,000 

7,383,500,260 

105,711,000 

1930 

185,464,000 

5,995,084,680 

122,775,000 

1940 

196,491,000 

4,904,307,000 

131,669,000 

1950 

184,025,000 

16,712,631,000 

153,000,000$ 


* Horses, mules, cattle, sheep, swine, 
t To even thousands. 

X Estimate. 


PRESENT STATUS AND PROBLEMS 

Many animals are unprofitably low or inefficient producers because 
they are poorly fed and poorly cared for. If the average mare were 
well fed and well cared for and were thus able to work and breed at 
maximum efficiency, or if the average cow, ewe, and sow were per¬ 
forming at somewhere near the maximum set by their inheritance, 
livestock farming would be much more profitable than it is now. This 
involves also the control or elimination of our various and sundry 
livestock pests and diseases, which take an annual toll of millions of 
dollars in terms of lowered individual and breeding efficiency. Like¬ 
wise, our civilization would be on a much higher plane if each human 
individual were performing more closely to his inherited capacities. 
The problem facing us, therefore, as far as our animals are concerned, 
consists of feeding and managing what we have more efficiently, as 
well as raising the level of capabilities through selective breeding. 

In our animal breeding we must, of course, start from where we 
now arc and with what has come down to us from the past. The 
genetic task in the field of breeding, therefore, is twofold: (1) to find 
out what we have genetically (in other words, to analyze ), and (2) to 
raise the average level of production and efficiency all along the line 
by making better combinations of genetic materials (in other words, 
to synthesize). 

The greatest need in animal breeding today is for records of per¬ 
formance so that we may learn definitely how our animals are trans¬ 
mitting. When we have developed better ways of measuring perform- 



FIGURE 12. The “targets” at which Holstein breeders are shooting. Such models 
should prove invaluable in fixing type. 


ance, we can intelligently weed out the unfit, breed only from the fit, 
and so, gradually, purify our stock in terms of their commercially 
desirable characters. 


BREEDING OPPORTUNITIES 

Although it cannot be denied that many excellent specimens of the 
various classes and breeds of livestock have been produced and that in 
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practically all breeds the prices paid for individuals have risen well 
into the thousands of dollars, the fact remains that opportunity is still 
written large before animal breeders. Record after record has been 
established only to be replaced by a better one in a short while. 

For example, the record in milk production during 1 year is 42,805 
lb. (Green Meadow Lily Pabst, H. F.); in butterfat, 1,614 lb. (Melba 
15th of Darbalara, milking Shorthorn); in speed at the trot for 1 mile, 
1 minute 55>£ seconds (Greyhound), and at the pace, 1 minute 55 
seconds (Billy Direct). 

The record in horse pulling contests for heavyweight teams is 
4,225-lb. tractive pull, which is equivalent to starting a load of 54,870 
lb. on a wagon on granite-block pavement 15 to 20 consecutive times, 
or more than equal to pulling 10 plows, cutting furrows 14 in. wide 
and 6 in. deep, in ordinary corn-belt black-loam soil. The record for 
lightweight teams is 3,525-lb. tractive pull, which is equivalent to 
starting a load of 45,779 lb. on a wagon on granite-block pavement 
for the same number of times, or more than equal to pulling eight 
plows, cutting furrows 14 in. wide and 6 in. deep, in ordinary corn- 
belt black-loam soil. 

The record in the ton-litter contest stands at 5,117 lb., the combined 
weight attained by an Illinois litter of 17 pigs in 180 days. 

The outstanding Rambouillet sire, Prince of Parowan, owned by 
the Bureau of Animal Industry, produced seven annual fleeces of wool 
that averaged 31.5 lb. per fleece, unscourcd, an outstanding record of 
long-time wool production. This wool yielded about 40 per cent of 
clean wool, or 12.6 lb. of actual wool, per fleece. A large percentage of 
several hundred of the best Rambouillet sheep in the flocks of the 
Western Sheep Breeding Laboratory, Dubois, Idaho, are descendants 
of this ram. 

The ability of the goat to produce milk is evidenced by the fact that 
the highest official test on record in the United States was made by a 
French Alpine doe, Little Hill Pierrette’s Lady Penelope, which pro¬ 
duced 4,632.3 lb. of milk in 10 months, an average for the period of 
7.2 qt. a day, a figure not far below the average production of all 
dairy cows in America. 

An idea of the opportunity for improvement within a particular 
breed of beef cattle by breeding and selection may be gained from 
some of the Bureau of Animal Industry record-of-performance data 
with steers, which show a range in efficiency all the way from 12.01 to 
24.47 lb. of live weight gained for each 100 lb. of total digestible 
nutrients consumed. The number of days from birth to 900 lb. live 
weight varied from 412 to 591. 
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With dual-purpose cattle, the breeder is confronted simultaneously 
with the two variables, milk production and beef PJ°J uct, ° n - T “ e 
variation in efficiency with which beef is produced by the dual- 
purpose animal is similar to that in the beef breeds^In the Bureau 
work with milking Shorthorns, the variation in efficiency covers a 
range of from 11.49 to 21.38, and the number of days from birth to 
900-lb. live weight extend from 358 to 532. Milk production varied 
from less than 5,000 to as high as 12,000 lb. 

All these records, when compared with the average performance oi 
our livestock, indicate the tremendous opportunities still existing in 
the field of breeding. These top-notch animals resulted from certain 



FIGURE 13. Graph showing number per capita of various classes of livestock in the 
United States from 1880 to 1950. 


combinations of hereditary units plus, of course, excellent care, feed¬ 
ing, training, and general management. Our first job is to learn the 
genetic make-up of our livestock through careful record keeping and 
then to recombine the units into more desirable combinations through 
systems of breeding and selection. 

The data in Tables 1 and 2 show that the number of dairy cattle, 
beef cattle, sheep, and swine compared to human population has 
steadily declined, starting at a high of 2.64 of these animals to each 
person is the United States in 1880 and decreasing in 10-year inter¬ 
vals to 2.40 in 1890; 2.05 in 1900; 1.67 in 1910; 1.59 in 1920; 
1.34 in 1930; 1.33 in 1940; and 1.13 in 1949. Increasing production in 
dairy cattle, faster maturity, and meatier carcasses in the meat classes 
have, of course, tended to offset the decreases in numbers. 

The Bureau of Agricultural Economics has reduced all food-pro¬ 
ducing livestock (meat animals, dairy cows, and poultry) to a hog- 
equivalent basis. They report that in 1920 we fed 1.67 head of pro- 
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ducing livestock per capita; in 1930 the figure had fallen to 1.55; in 
1940 it stood at 1.53; and in 1948 to 1949 it was 1.41. There are two 
possible ways of storing grain—in dead storage or in livestock. When 
stored in the latter way, we have an emergency food supply, we have 
a chance to increase our soil fertility, and we have a better-nourished 
populace consuming more milk, meat, and eggs. 

H. E. Babcock estimated in 1948 that for the proper nourishment 
of 150 million people, we would need an additional 10 million dairy 
cows, 11 million beef animals, 8 million sheep, 20 million hogs, and 
120 million poultry. It is obvious that we need increases both quanti¬ 
tatively and qualitatively in all our classes of livestock. To an extent 
greater than the average person realizes, the future welfare of the 
United States hinges and depends upon these gains in animal 
agriculture. 

SUMMARY 

In this chapter the probable history of the earth and its inhabitants 
is traced. Man was a hunter for many, many thousands of years and 
his livelihood a very precarious one. Finally, some 8,000 or 10,000 
years ago, he began to domesticate plants and animals, thus taking 
the first feeble step toward civilization. Many species of animals have 
been domesticated, the most important of which are our present well- 
known farm animals. Briefly traced is the development of animal 
husbandry from ancient times through the Dark Ages and on down 
to the present. In the aggregate our present animal husbandry is “big 
business.” It has had many ups and downs, but it has shown a steady 
upward trend in quality, if not always in quantity. There are still 
many problems facing the livestock industry, but they are gradually 
being solved by the application of scientific principles and manage¬ 
ment. There are inviting possibilities for outstanding achievement 
awaiting those who love to work with livestock and who have the 
capacity and tenacity to become skilled in management and schooled 
in the scientific facts on which progress in breeding better livestock 
depends. 


QUESTIONS 

1. When were animals domesticated? 

2. Where were animals domesticated? 

3. Why were animals domesticated? 

4. How is it possible to have so many pure breeds in the various classes of 
livestock? 
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know that horses or their forebears have existed for 55 million 


5. How do we 
years? 

6. From what did our dogs develop? 

7. From what did our horses develop? 

8. From what did our catde develop? 

9. From what did our sheep develop? 

10. From what did our swine develop? 

11. What do we know of the agriculture of the early Roman Empire. 

12. When did our pure breeds develop? 

13. How did our pure breeds develop? 

14 . Draw a graph of livestock numbers in the various classes and human 
population in the United States from 1880 to 1950. 

15. What are the most important problems now facing the livestock industry? 

16. What qualifications are necessary for one to be successful in breeding 
better livestock? 

17. Why is good environment just as necessary as good heredity? 

18. Make a list of all domesticated animals you can think of. 

19. Why had not the Indians domesticated animals in North America? 

20. Why is the average value of animals in the various classes of livestock 
so low? 

21. Discover for yourself the average auction sale price of any two purebred 
breeds for the past five years. 

22. What is the record sale price for a male and for a female in any two pure¬ 
bred breeds of livestock? 

23. What is the greatest “lack” in animal breeding today? 
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Mechanisms of Reproduction 
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The Anatomy and Functions 
of the Testes 
The Sperm Passageways 
Semen 

The Anatomy and Functions 
of Spermatozoa 


The successful livestock breeder must be able to select animals of 
superior heredity and to manage such animals in a way that will 
ensure maximum fertility and prolificacy over a long period of years. 
Many outstanding individuals or families of proved ability to transmit 
desirable type and production are great disappointments as breeding 
animals because they become sterile or are of low fertility. Likewise, 
many animals with perfectly normal organs of reproduction fail to 
produce young regularly because of poor breeding practices on the 
part of the owner or herdsman. For these reasons all livestock breeders 
should have a clear understanding of the anatomy of the reproductive 
system and the functions of each of its parts. 

The male’s part in reproduction is ordinarily a simple one. The 
sire is responsible (1) for the production of the male reproductive cells, 
the sperm or spermatozoa, and (2) for the introduction of vigorous 
sperm into the female reproductive tract at the proper time. The nor¬ 
mal processes which permit the fulfillment of these functions and some 
of the problems of reproduction in the male will be discussed in this 
chapter. 


THE ANATOMY AND FUNCTIONS OF THE TESTES 

The reproductive system of the male is made up of millions of 
individual cells. These cells in turn make up the various organs or 
parts of the entire reproductive system. The proper functioning of the 
entire system requires that each and every cell and organ do its part. 
A similar situation exists in the automobile or the airplane. In both, 
the engine is ordinarily considered to be the most important single 
unit, but wheels or propellers are also absolutely essential. In the male 
the testes are regarded as the most important reproductive organs, 
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but the reproductive processes cannot be completed if the passageways 
of the sperm from the testes to the penis do not function properly. 

Anatomy of the Testes. In all farm animals except poultry the 
testes are present at birth in a pouch, the scrotum, on the underside 


FIGURE 14. Generative and urinary organs of bull: 1, scrotum; 2, spermatic chord; 
3, testicle; 4, epididymis (globus major and minor); 5, vas deferens; 6, vcsicula 
seminalis; 7, membranous portion of urethral canal covered by Wilson’s muscle; 
8, part of prostate gland covered by Wilson’s muscle; 9, Cowpcr’s gland; 10, accelera¬ 
tor urinae muscle; 11, penis; 12, cut suspensory ligaments of penis; 13, sheath, laid 
open; 14, retractor muscles of sheath; 17, ureters. {From U.S. Department of Agriculture , 
“Diseases of Cattle ”) 

of the body. Each testis is covered by a white, tough membrane. This 
membrane, plus numerous branches from it, divides the testis into 
small compartments and holds the testis together. To look further into 
the testis requires the use of the microscope. Since such instruments 
are rarely available to the livestock breeder we will depend upon the 
pictures in the text. 

Each testis is divided into a large number of sacs which contain 
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hundreds of feet of coiled tubes called the seminiferous tubules. It is in 
the seminiferous tubules that the spermatozoa are formed. Around and 
between the seminiferous tubules are found the very specialized cells 
which produce the male sex hormone. These cells are called the 
interstitial cells. 


FIGURE 15. Semischematic figure showing small segment of the wall of an active 
seminiferous tubule. The sequence of events in the production of spermia is indicated 
by the numbers. A spermatogonium (1) goes into mitosis (2) producing two daughter 
cells (2 a and 2b). One daughter cell (2a) may remain peripherally located as a new 
spermatogonium eventually coming to occupy such a position as 1 a. The other 
daughter cell (2b) may grow into a primary spermatocyte (3) being crowded mean¬ 
while nearer the lumen of the tubule. When fully grown the primary spermatocyte 
will go into mitosis again (4) and produce two secondary spermatocytes (5, 5). Each 
secondary spermatocyte at once divides again (6, 6) producing spermatids (7). 
The spermatids become embedded in the tip of a Sertoli cell (7a), there undergoing 
their metamorphosis and becoming spermia (8), which when mature arc detached 
into the lumen of the seminiferous tubule. (From Patten , “Embryology of the Pig” 2d ed. t 
Blakiston) 


The tubes in which the sperm are formed, the seminiferous tubules, 
join together at one edge of the testis, forming larger tubes through 
which sperm pass to the epididymis and eventually to the outside of 
the body through the penis. 

Functions of the Testes. Each testis performs the same functions. 
Contrary to the beliefs of some, the testes do not alternate in producing 
sperm, nor does one produce spermatozoa that result in female off¬ 
spring and the other male young. 
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The testes have two distinct functions. One is the production of the 
male reproductive cells, the spermatozoa , or sperm. This function is 
carried on in the seminiferous, or sperm, tubules. The second function 
is the production of the male hormone by the interstitial cells. 

The necessity for the production of spermatozoa is obvious. This 
begins at puberty and continues throughout life. Only one sperm is 
required for the actual fertilization of the egg or ovum, but to ensure 
that a sperm will reach and fertilize the ovum, millions of sperm are 
deposited in the female at each natural service. For this reason the 



FIGURE 16. Fowl testis: 1, immature, composed primarily of spermatogonia; 
2, mature, showing abundant germinal cells of all types including sperm. 


testes must continuously produce new sperm in tremendous numbers, 
billions, if fertility is to be maintained at a high level. 

The male sex hormone, generally called androgen or testosterone , is a 
chemical substance produced by the interstitial cells. A hormone is 
somewhat similar to a vitamin in its importance and function in the 
body. Each is a specific chemical substance which certain organs re¬ 
quire for normal function. One of the chief differences between 
vitamins and hormones is that the hormones are always manufactured 
by the body itself, whereas man and animals usually rely on outside 
sources, usually food, for their various vitamin supplies. 

The male sex hormone is necessary for the mature development and 
continued function of the reproductive organs and for the develop¬ 
ment of the male secondary sexual characteristics. 
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In animals sexual drive or willingness to mate is very tegy'd» 

are all brought about by the production of the male sex hormone by 
Z ttes a g t , or preceding, the period called puberty or sexual 

^Regulation by Hormones. We have just described the importance 
of the sex hormone produced by the testes. Other hormones are jn 
turn necessary for the development and function of the testis itself. 
Just beneath the brain is located a tiny gland called th e pituitary gland. 
This gland has been referred to as the master because U is the 

chief regulating organ of growth, reproduction, milk production, and 

a wide variety of other body functions. 

The front part of this gland regulates both the ovaries and testes 
through its secretion of th e gonadotropic hormones. These are two in num¬ 
ber One is called the follicle-stimulating hormone (FSH) and the other 
the luteinizing hormone (LH). If these hormones are not produced in the 
young animal, sexual maturity does not occur. Failure of their produc- 
tion in mature animals results in reproductive failure. 

In addition to the hormones of the anterior pituitary gland, which 
we will regard as of primary importance, the testes are affected second¬ 
arily by the hormones of the thyroid and adrenal glands. It is thus 
seen that the testes require the assistance of numerous other body 
organs if they are to function normally. 

Effects of Age. Recommendations for the use of sires of various 
ages will be made in a later chapter. For purposes of comparison the 
earliest ages at which sperm are commonly found in the testes of 
different species of animals are: 18 to 30 weeks in the chicken; 15 to 20 
weeks in the boar; 20 to 25 weeks in the ram; and 30 to 35 weeks in 


the bull. 

Effects of Season. It is probable that in ancient times all animals 
had restricted breeding seasons. Indeed, in most wild animals at 
present reproduction is limited to a particular season of the year. Of 
the farm animals the sheep is the outstanding example of the seasonal 
breeder, for in the case of most breeds of sheep raised in North Amer¬ 
ica, the ewes can be mated only in the fall and early winter months. 
It appears to be one of nature’s laws that the young tend to be born 
during that season of the year when conditions are most favorable for 
the survival of the newborn. 

Although rams exhibit willingness to mate throughout the year we 
know that the quality of their semen is reduced during the hot sum- 
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mer months. There appears to be some decline in the level of fertility 
of both cattle and chickens during the summer months, particularly 
in the warmer portions of the United States. 

What are the seasonal factors that affect fertility? The most obvious 
characteristics of the seasons are differences in temperature, light, 
rainfall, and the quantity and quality of natural feedstuffs. All of 
these have been shown to be associated with the reproductive processes 
in various types of animals. That light stimulates reproduction in 
birds and poultry is well known. Egg production can be hastened by 
the use of artificial light, and commercial poultrymen make great 
practical use of this method. Limited experiments suggest that ewes 
can be brought into heat sooner in the fall by gradually reducing the 
length of daylight by means of darkened barns. It remains to be seen 
whether this method can be made practical. The testes are very sensi¬ 
tive to high temperatures, and as will be discussed later, they arc 
ordinarily a bit lower in temperature than the rest of the body. All 
livestock men recognize the desirability of keeping animals as cool as 
possible in summer. Animals being fattened clearly gain more rapidly 
if they are protected from extreme heat, and there is evidence that 
high temperatures may affect breeding efficiency. 

High temperatures and prolonged drought arc frequently associated 
with subsequent reproductive disturbances. Such conditions markedly 
affect pasture conditions and may result in inadequate nutrition of 
the animals. 

Importance of Scrotum. The presence of the testes in the scrotal 
sac outside the body cavity proper appears to place these organs in an 
exposed and vulnerable position. It has been observed for centuries 
that the scrotum relaxes when temperatures are high, and that it con¬ 
tracts, raising the testes close to the body, when the temperature falls. 
During the last quarter-century it has been found that the temperature 
of the testes is several degrees lower than that of the body cavity and 
that this lower temperature is necessary for sperm formation. If the 
scrotum is insulated with heavy materials, if heat is applied to the 
scrotum, or if the testes remain in the abdomen, the testes stop pro¬ 
ducing sperm. In males that are heavily fitted, and in rams with very 
heavy fleeces, the temperature of the testes may be raised sufficiently 
to affect fertility. For these reasons we know that the chief function of 
the scrotum is to maintain the testes at temperatures several degrees 
lower than the body proper. This is called the thermoregulatory func¬ 
tion of the scrotum. 

Cryptorchidism. The retention of both testes in the abdominal 
cavity is called complete or bilateral cryptorchidism. Livestock men some- 
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times call such animals “ridglings” or “originals.’’ When only one 
testis is present in the scrotum it is called partial or unilateral cryptorchid¬ 
ism. When the condition is complete the animal is sterile for reasons 
given in the preceding section. When one testis is in the scrotum the 
animal is usually of normal fertility. . 

It is believed that this condition may be hereditary and animals 
with this trait should not be used as sires. Likewise, males or females 
that are normal themselves but known to have several offspring with 
the trait should not be used as breeders. Cryptorchidism destroys the 
worth of breeding animals and is undesirable in commercial herds 
because of increased difficulties in castration. 

Castration. The removal of the testes is one of the oldest of surgical 
procedures. In ancient times, men destined for the priesthood were 
castrated, and prisoners of war and the vanquished were often thus 
treated. The effects of castration depend somewhat on the age at 
which the operation is performed. Castration of the farm animals 
before puberty produces: (1) permanent sterility, (2) increased 
skeletal development due to prolonged growth of the long bones, (3) 
failure of normal development of the genital organs, (4) absence or 
retardation of the secondary sexual characteristics, (5) improved 
carcass quality because of increased fat deposition, (6) absence or 
retardation of sex drive. After sexual and body growth have been 
attained, the outward evidences of castration may be less marked. 
The most usual effects are (1) shrinkage of the genital organs, (2) loss 
or diminution of sex drive, (3) increased fat deposition, (4) decreased 
basal metabolic rate, and (5) decreased aggressiveness. 

The term castration implies the surgical removal of the testes; how¬ 
ever, several methods of securing the effects of castration without the 
removal of the testes with a knife are now practiced by livestock men. 
The most common method of castration is to cut open or remove the 
lower portion of the scrotum with a knife and to then remove the 
testes. Sometimes castration is performed with a type of instrument 
called the Durdizzo forceps. These are double-hinged pincers capable of 
great pressure and are made in various sizes depending on the type of 
animal involved. One spermatic cord at a time is located in the 
scrotum and placed between the forceps without cutting the scrotum. 
When pressure is applied, the spermatic cord and vas deferens are 
severed by crushing. When properly done, this method is very effec¬ 
tive. The testicle immediately begins to atrophy because its blood 
supply has been cut off and all the effects of castration are produced. 
This method is called bloodless castration because the scrotum re¬ 
mains intact. Infection is rare and difficulties with flies are avoided. 
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If the cords of both testes are not completely cut the animal will not 
be a castrate. A new method, called elastration , was introduced to the 
United States from Australia in 1947. Castration is accomplished by 
placing a special heavy elastic band around the scrotum of lambs at a 
few days of age. The pressure cuts off the blood supply to the testes 
and scrotal tip, and both shrink up and fall off. Elastration is now 
being used by both Western sheepmen and cattle producers. 

The castration of lambs and pigs by older methods is a simple 
procedure and should be carried out by stockmen at the proper time. 
The problem is more difficult in cattle and colts, and should be per¬ 
formed by a veterinarian, unless the owner has thoroughly learned the 
procedure. 

The cardinal features to be observed in castration are (1) sanitation: 
clean hands, clean instruments, and clean premises; (2) incisions 
which are large enough and located so as to ensure good drainage of 
the wound; (3) the complete removal of both testes; (4) prevention 
of excessive loss of blood; (5) proper restraint of the animal; (6) the 
prevention of undue excitement of the animal. 

Lambs are easily castrated by cutting off the lower tip of the scrotum 
with a knife or large pair of shears. When pressure is applied to the 
upper part of the scrotum, the testes are easily grasped. In young 
lambs they are best removed by pulling gently until the spermatic 
cord breaks. Pigs are usually held on their backs by an attendant. Two 
incisions the length of the scrotum about in. from the mid-line are 
made, the testes squeezed out and removed by pulling until the cord 
breaks. Cutting the spermatic cord with a sharp knife may cause 
excessive bleeding. In young animals it is best severed by gentle pull¬ 
ing. In older animals it should be crushed with a special instrument. 
If recently castrated animals are confined to dirty premises, infection, 
sometimes tetanus, may occur. In warm weather a fly repellent should 
be used. Lambs and pigs are usually castrated at two to four weeks of 
age, calves at six to twelve weeks, and colts at about 1 year of age. 


THE SPERM PASSAGEWAYS 

The spermatozoa arc formed in the seminiferous or sperm tubules 
and then move through a series of passageways to the outside of the 

Epididymis. Each testis has its own epididymis. This structure is 
a long, greatly coiled tubule which extends from the top to the bottom 
of the testis. It is estimated that sperm require about a week to pass 
through it. Its functions are (1) a passage and storage place for sperm, 
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(2) the secretion of a small amount of fluid which contributes to the 
semen, and (3) the maturation or ripening of sperm. 

Vas Deferens. The epididymis empties into the vas deferens. This 
structure is a straight tubule which carries the spermatozoa from the 
epididymis to the urethra in the penis. Its functions are to act as (1) a 
storage place for sperm, and (2) a mechanism for moving them into 
the urethra at the time of ejaculation. The upper part of the vas 
deferens is larger than the lower portion and is called the ampulla. 

Sterility can be produced by cutting or closing the vas deferens. In 
some states this operation, vasectomy , is legalized for the sterilization 
of the feeble-minded, criminally insane, and certain others. 

Urethra. The two vasa deferentia empty into the urethra. The 
urethra is the duct that extends the entire length of the penis. It serves 
as the common duct of both the urinary and reproductive systems and 
carries urine from the bladder as well as the seminal discharge at the 
time of service. 

Penis. This is the male copulatory organ. It varies widely in size 
and shape in the different farm animals. It is unique in that it becomes 
erect because of engorgement with blood at the time of copulation, 
thus permitting the deposition of sperm in the female genital organs. 


SEMEN 

Semen is the entire discharge of the male during normal ejaculation. 
It consists of two general portions. The most important part is the 
spermatozoa which are produced by the testes. The liquid portion of 
the semen, sometimes called the semen plasma, is made up of the 
secretions of the seminiferous tubules, the epididymis, vas deferens, 
and especially of the seminal vesicles, prostate, and Cowper’s glands. 

Composition of Semen. As described above, the semen is made up 
of the secretions of all portions of the male genital organs. The sperm 
make up only a small portion of the total ejaculate, about 10 per cent 
in the bull and ram, and much less in the boar and stallion. The 
semen is composed chiefly of water and the remainder is a complex 
mixture of proteins, sugars, and minerals. Like milk, it has never been 
exactly duplicated in the laboratory. Data on volume and sperm 
content of the semen of the farm animals are shown in Table 3. 

The Accessory Glands. The greatest part of the liquid semen is 
produced by a group of three glands called the accessory glands. 
These are the seminal vesicles, the prostate, and the Cowper’s glands. 
Their location is shown on the drawing of the male genital organs. 
These glands have nothing to do with the production of sperm, but 
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their secretions furnish a medium for the sperm to travel in at the time 
of service. In the ram, bull, and cock the semen is a uniform creamy 
mixture. In the boar and stallion the secretions of the accessory glands 
coagulate and form jellylike masses. 


Table 3. Some Quantitative Data on Semen and Spermatozoa* 


Animal 

Volume per 
ejaculate , 
in cubic 
centimeters 

Sperm per 
cubic 
millimeter 

Total sperm 
in ejaculate 

Boar. 

200 

100,000 
60,000 
800,000 
1,000,000 
5,000,000 x 
3,000,0001 

20,000,000,000 
6,000,000,000 
3,000,000,000 
800,000,000 
35,000,000,000 \ 
1,800,000,000 1 

Stallion. 

100 

Bull. 

3-41 

0 8 

Ram. 

Doe. 


* 6.. 

Cock. 

If 


■ nfl 


* Adapted from Tabic 3, U.S. Department of Agriculture Circular 567, p. 36, 1940. 
f About 1 tcaspoonful. 

J Estimates. 


It should be understood that only the sperm can fertilize an ovum. 
The ejaculation of a large volume of semen docs not ensure fertility, 
since the sperm and the semen liquid come from entirely different 
parts of the reproductive system. 

THE ANATOMY AND FUNCTIONS OF SPERMATOZA 

Formation and Reduction Division. As will be discussed in the 
chapters on heredity, all cells in the body contain tiny structures called 
chromosomes. The chromosomes in turn contain large numbers of micro¬ 
scopic, beadlike genes. The genes arc believed to be the actual units of 
inheritance and they arc the unit that gave the science of genetics or 
heredity its name. Each new individual receives one-half of its chromo¬ 
somes and genes from its sire and one-half from its dam. It is known 
that the chromosome numbers of animals of different species may vary 
greatly and that for a particular species the chromosome number 
always remains the same. In the body cells of cattle, for example, 
there are 30 pairs of chromosomes; there must be no more or no less, 
if we are to obtain normal offspring. Since one-half the chromosomes 
come from the sire and one-half from the dam, the testes and ovaries 
carry out a process called the reduction division. This results in the pro¬ 
duction of sperm and ova that contain only one member of each pair 
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of chromosomes and thus only one-half as many chromosomes as the 
other body cells, such as muscle or bone. When a sperm and ovum 
unite at fertilization the chromosome number of the species is restored. 

Anatomy of Spermatozoa. Spermatozoa can be seen only with 
the microscope. Their size varies somewhat among different species of 
animals. In farm animals and man they are about Hoo in. in length. 
The general shape of the sperm of farm animals is similar. The sperm 
consist of a head, neck, body, and a tail por¬ 
tion. The head, in side view, is flattened, but 
as seen from the top under the microscope 
it appears oval or rounded. The head is of 
great importance because it contains the 
chromosomes. Movement of the sperm is 
brought about by the lashing of the tail, and 
also by the wavelike contractions of the 
female genital tract. 

Functions of the Spermatozoa. The func¬ 
tions of the spermatozoa are the fertilization 
of the ovum and, as this implies, the male’s 
contribution to heredity. Although many 
sperm may reach and cluster about each 
ovum, only one sperm completes the process 
of fertilization. This process ordinarily takes 
place in several distinct steps: (1) deposition 
of the semen in the female, (2) movement of 
the sperm through the uterus and into the 
oviducts, (3) penetration of the wall of the 
ovum by the sperm, (4) loss of the tail of the 
sperm, (5) the union of the sperm head with 
the nucleus of the ovum. 

Sperm Passage in the Female. It was 
formerly believed that sperm required several 
hours to pass from the vagina of the female to 
the opposite end of the genital tract, the oviducts, where the ovum 
enters. We now know that this requires only 5 to 20 minutes in most 
of the farm animals. Sperm have the ability to swim vigorously, but 
we believe that they are moved through the female tract largely by the 
rhythmic contractions of the female organs. 

Sperm Survival in the Female. Many years ago it was believed 
that sperm might live for long periods in the female. This is probably 
not the case. The problem of the livestock breeder is essentially one of 
ensuring that a large supply of vigorous sperm shall be waiting in the 


—HEAD 



FIGURE 17. Generalized 
anatomy of the sperma¬ 
tozoon. 
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oviducts, or Fallopian tubes, for the release of the egg or eggs from the 
ovaries. Breeding an animal too soon will result in the death of the 
sperm before the egg arrives. If the female is mated too late the ovum 
may no longer be capable of being fertilized. 

In most farm animals it is unlikely that sperm have a useful life of 
more than 36 to 48 hours. In fact, animal breeding specialists recom¬ 
mend that service should precede ovulation by only a few hours. We 
will make definite recommendations for each class of farm animals in 
a later chapter. The chicken is the exception among farm animals. 


FIGURE 18. Normal bull sperm. Magnification approximately 200X. 


Fertile eggs arc commonly produced for up to three or four weeks 
following a single mating. For best results in this species, however, 
mating should take place at least once a week. 

Importance of Nutrition. The necessity of feeding adequate 
amounts of balanced rations need not be stressed here. It is obvious 
that rations which are inadequate for growth or maintenance will not 
result in high breeding efficiency. Cattle or horses being roughed 
through the winter on low-quality roughage sometimes fail to exhibit 
willingness to mate. When such animals are turned out on good 
pasture the breeding cycles or patterns are generally reestablished. 

Of the specific nutritional substances necessary for reproduction, 
there are a few of which we should take special note. Vitamin A is 
ordinarily available to the animal from the carotene present in forages 
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and grains, such as yellow corn. It is present in large amounts in fish 
liver dls, such as cod liver oil. Vitamin A deficiency results «n degen¬ 
eration of the testis. Fortunately this can be prevented or Cured by the 

feeding of adequate vitamin A. . 

Vitamin E was originally called the antistenhty vitamin. Th.sname 
was unfortunate. We now know that vitamm E is associated with 
things other than sterility, such as stiff lamb disease, and that vitamin 
E is very unlikely to be lacking in the rations of farm animals. 

Vitamin C prevents scurvy in the human, but does not appear to 
affect reproduction. A few years ago it was reported to correct certain 
types of lowered fertility in cattle, but it is unlikely that it has any 
practical importance under average farm conditions. 

Vitamin D is necessary for normal bone growth, and its effects upon 

reproduction are secondary. . 

Several of the B vitamins are required for maximum growth in 
swine and for maximum hatchability and fertility in chickens. 

The necessity of various minerals for the normal growth and health 
of livestock cannot be denied. The importance of these for the specific 
process of reproduction is at present unknown. Since calcium and 
phosphorus are essential for growth, they should always be present 
in sufficient amounts. The lack of iodine in the rations of pregnant 
sheep and swine commonly causes the birth of weak, dead, or hairless 
young. Large parts of the Great Lakes, Great Plains, and Mountain 
states are deficient in iodine, and stabilized iodized salt should be fed 
to pregnant animals in such areas. 

Cobalt, manganese, iron, and perhaps other trace minerals should 
be used at the recommendation of livestock specialists in the various 
state agricultural experiment stations. 


SUMMARY 

The male’s part in reproduction consists of the production of 
spermatozoa and their deposition in the female at the proper time in 
relation to ovulation. The sperm are formed in the testes in the seminif¬ 
erous tubules. They then pass through a series of small tubules into 
the epididymis and then into the vas deferens where they are stored 
awaiting ejaculation. In addition to the production of sperm, the 
testes secrete the male sex hormone, testosterone, which is responsible 
for sex drive and the male secondary sexual characters. Proper testicu¬ 
lar function depends primarily on the gonadotropic hormones of the 
anterior pituitary gland. However, the maintenance of the male in a 
state of maximum reproductive efficiency requires a favorable en- 
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vironment, proper nutrition, freedom from disease, and wise breeding 
management. 


QUESTIONS 

1. What arc the sire's responsibilities in reproduction? 

2. Where are the testes located in various animals? 

3. In what part of the testes arc the spermatozoa formed? 

4. By what cells is the male hormone secreted? 

5. What are the functions of the testes? 

6. What are the functions of the male hormone? 

7. What hormones regulate the testes? 

8. What are the effects of season on semen quality of the ram? 

9. Are there seasonal fluctuations in fertility in cattle? 

10. What are the functions of the scrotum? 

11. What is cryptorchidism? 

12. What are the effects of castration before puberty? 

13. What arc the effects of castration after puberty? 

14. Describe three methods of castration. 

15. What arc the functions of the epididymis? 

16. List the passageways through which sperm pass from the testes to the 
penis. 

17. Define semen. 

18. List the accessory glands. 

19. Describe spermatozoa. 

20. What arc the functions of spermatozoa? 

21. How long do sperm survive in the female genital organs? 

22. Discuss the importance of nutrition in male reproduction. 



Chapter 4 


the FEMALE’S PART 
IN REPRODUCTION 


The Anatomy and Functions 
of the Ovaries 

Ovarian Regulation by Hormones 
The Reproductive Tract 
The Reproductive Cycle 
Ovulation 

Factors that Affect Reproduction 
in the Female 


No function of the animal body can be described as simple, but some 
are less complicated than others. Keeping this in mind, we will ven¬ 
ture the statement that the male’s part in reproduction is somewhat 
simpler than that of the female. As described in the previous chapter, 
the male is chiefly concerned with the production of the male germ 
cells, the spermatozoa, and their deposition in the female reproduc¬ 
tive organs at the proper time. The female must perform several dis¬ 
tinctly different reproductive functions. She must produce the female 
germ cells, which are called eggs or ova. After the egg or eggs have been 
fertilized by the sperm the new individual, the embryo, develops in 
the uterus. When the young is fully developed it is expelled from the 
uterus during a process called birth , or parturition. Since in mammals 
the young animal cannot survive independently of its mother at birth, 
the female assumes the responsibility of caring for it for several weeks, 
as in the case of pigs and lambs, or many years as in the case of the 
human. In those species of animals that produce milk, mammals, the 
nutrition of the young following birth is made possible by the develop¬ 
ment of the mammary glands during pregnancy and their secretion of 
milk following parturition. It is thus seen that the burdens placed on 
the female are many and are more complex than in the male. 

Successful livestock breeders must understand (1) the processes by 
which the male and female germ cells are produced, (2) the union of 
the germ cells in the establishment of pregnancy, (3) the maintenance 
of the female in the pregnant condition, (4) the difficulties and skills 
necessary to ensure normal birth of the young, and (5) the proper 
function of the mammary glands in order that there will be ample 
milk for the young, or for profit, as in the case of the dairy cow. 

49 
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THE ANATOMY AND FUNCTIONS OF THE OVARIES 

Anatomy of the Ovaries. In all farm animals except poultry 
there are two functional ovaries. In the domestic fowl and other birds 
only the left ovary is functional. The right ovary remains undeveloped 
and does not ordinarily produce eggs. In the mare the ovaries are 
somewhat bean-shaped and from 2 to 4 in. in the longest diameter;, 
in the cow, 1 to in.; and in the ewe, to 1 in. The ovaries of the 
sow are somewhat larger than those of the ewe. They are also more 
irregular in swine because of the fact that several eggs are usually 
produced at each heat period. 


UTERINE 

HORN 


CORPUS 
LUTEUM 

OVAR 



ALLOPIAN TUBE 
NFUNDIBULUM 
FOLLICLE 
OVUM 
CERVICAL CANAL 
CERVICAL FOLDS 

VAGINA 


URETHRA 
CLITORIS 
-VULVA 

FIGURE 19. The genital organs of the cow. 


The ovaries are suspended in the abdominal cavity near the back¬ 
bone and just in front of the bony structure which supports the hip 
bones, the pelvis. The ovaries are supported by a structure called the 
broad ligament , and as shown in Fig. 19, are in close contact with the 
other parts of the reproductive organs. 

As in the case of the testes, a microscope is needed to study the 
details of ovarian structure and function. The sperm arise deep in the 
testes and are carried to the outside of the body through a series of 
ducts. The eggs are formed on the surface of the ovary by a single 
layer of cells called the germinal epithelium. 

Normal Functions of the Ovaries. Each ovary performs the same 
functions. The ovaries may alternate in the production of eggs or ova, 
but there is no regular pattern of alternation. 
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The ovaries have three distinct functions. The first is the production 
of the female reproductive cells, the ova or eggs. The second function 
is the secretion of the female sex hormone by the cells that surround 
the egg during its formation in the ovary. This hormone is the counter¬ 
part of the male hormone produced in the testes. The third function 
of the ovaries is entirely different than any carried on in the male. It 
involves the formation of a special body of cells called the corpus 
luteum . This structure is bright yellow in color in cattle and has long 
been known as the yellow body. The corpus luteum secretes a hormone 
called progesterone which, as will be explained later, is essential if 
pregnancy is to continue following the fertilization of the egg. 

The ovaries differ from the testes in that eggs are produced in very 
limited numbers and only at certain times during, or shortly after, 
heat. The release of each egg is termed ovulation. The number of eggs 
that form at any one time is very similar to the number of offspring 
which each species of animal bears. In the cow, for example, usually 
only one egg is produced following each heat period. Since the heat 
periods usually occur at 19 to 20-day intervals the number of eggs 
formed in a nonpregnant cow would be 18 to 20 per year. In swine, an 
example of a litter-bearing animal, 10, 15, or even 20 eggs per heat 
period are common. 

The female sex hormone, sometimes called estrogen , is a chemical 
substance produced by the cells that surround the egg in the ovary. 
This female hormone has several functions. It is necessary for the 
development of the entire female reproductive system. It is responsible 
for the mating behavior which we call heat. In addition it assists in the 
development of the mammary glands and regulates many of those 
characteristics which the livestock man calls feminity. 

As the egg begins to develop in the ovary it is at first surrounded by 
many closely packed cells. As heat approaches, these cells form a fluid- 
filled blister very much like the water blisters that appear on the 
hands following hard work by one who is not used to it. This blister is 
called a follicle. At the proper time during the heat cycle the wall of 
the follicle becomes thin and finally breaks. The release of the egg 
through the break is called ovulation. As soon as the egg has been freed 
from the follicle a new structure makes its appearance in the same 
follicle. This structure is called the corpus luteum. In the nonpregnant 
animal the corpus luteum will reach its maximum size within a week 
or 10 days and then gradually lose its function and finally disappear. 
In the pregnant animal the corpus luteum is essential during early 
pregnancy and in some animals (cattle) remains during most of the 
pregnancy. 
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' Blood Clot J 

FIGURE 20. Mammalian ovary showing the sequence of events in the origin, growth, and rupture of the ovarian (Graafian) 
follicle, and the formation and retrogression of the corpus lutcum. Follow clockwise around the ovary starting at the arrow. 
(From Patten, “Embryology of the Pig” 2d ed., Blakiston) 
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The corpus luteum secretes a hormone called progesterone . Progcs- 
tprone (1) assists in the preparation of the uterus for pregnancy;( ; is 
imnortant in the maintenance of the animal in a pregnant condition, 
(3) prevents the ovaries from releasing more eggs during pregnancy; 
and (4) assists the female hormone in the development of the mam¬ 
mary glands. 


OVARIAN REGULATION BY HORMONES 

The hormonal regulation of the ovaries is somewhat more compli¬ 
cated than in the male. As in the case of the testes, the ovaries are 
directly under the influence of the gonadotropic hormones of the anterior 
pituitary gland. If these hormones are not produced in the young 
animal sexual maturity does not occur. There arc two gonadotropic 
hormones. One is concerned with the growth of the follicle and is 
called the follicle stimulating hormone (FSH). The second hormone has 
been called the ovulating hormone , since it brings about ovulation, or the 
luteinizing hormone (LH), because it is involved in the formation of the, 
corpus luteum. In the mature female, disturbances in the production 
of these hormones may result in reproductive failure. These hormones, 
acting together, cause (1) development of the egg and the follicle, (2) 
release of the egg (ovulation), and (3) the formation of the corpus 
luteum. The gonadotropic hormones, in turn, arc influenced by the 
corpus luteum. When the corpus luteum, or several corpora lutea (in 
the case of swine) is secreting its hormone it prevents other eggs from 
forming. This is the usual condition during pregnancy, but sometimes 
the corpus luteum persists in the ovary of a nonpregnant animal and 
prevents it from coming in heat. In high-producing dairy cattle a 
corpus luteum may form following calving and prevent the heat 
periods from being reestablished. For this reason animals that have 
shown no signs of heat within 60 to 90 days after calving should be 
examined by a veterinarian in order that the cause may be deter¬ 
mined. In sows several corpora lutea form after farrowing. The heat 
periods usually reoccur 3 to 4 days after the pigs are weaned. 

Spaying. The removal of the ovaries corresponds to the castration 
of the male. Spaying has never been practiced widely and has been 
limited chiefly to beef cattle. There are probably two chief reasons for 
its limited use. The abdominal cavity must be entered if the ovaries 
are to be removed. This is a major surgical operation, requiring con¬ 
siderable skill, and death losses sometimes occur. A more important 
reason for its limited use is an economic one. Although beef heifers do 
tend to have better finished carcasses than do normal females, they do 
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not gain so rapidly nor use their feed so efficiently. Most experiments 
have cast doubt on the practicality of spaying. 

THE REPRODUCTIVE TRACT 

Fallopian Tubes. The tubes or ducts that convey the ova from 
the ovaries to the uterus are called the Fallopian tubes , or oviducts. They 
are not attached firmly to the ovaries but lie close to them in such a 
way that they seldom fail in their task of catching the egg or eggs. The 



FIGURE 21. The generative organs of the marc: 1, left ovary; 2, Fallopian tube; 
3, left horn of uterus; 4, right horn of uterus; 5, body of uterus; 6, broad ligament; 
7, vagina; 8, abdominal wall; 9, left kidney; 10, left ureter; 11, urinary bladder. 
(From Lettering, “ Atlas of the Anatomy of Domesticated Animals ”) 

end of each tube nearest the ovary is flared out and resembles a thin, 
skinlike funnel. This portion is called the infundibulum , meaning funnel- 
shaped. The remainder of each tube is rather small, not quite so large 
as the lead in a common pencil. 

When the egg is released from the ovary at ovulation it passes into 
the infundibulum and within a matter of minutes moves down into 
the oviduct. If mating has taken place at the proper time, a good sup¬ 
ply of vigorous sperm will be waiting in the oviduct. If all goes well 
the egg will be fertilized and will then pass into the uterine horn. This 
requires 3 to 4 days in most animals. 

Uterus and Horns. In cattle, sheep, and swine the horns of the 
uterus are well developed. They are long and appear folded in the 
sow and are curved somewhat like a ram’s horns in the cow, ewe, and 
goat. In these animals the young develop in the horn portion of the 
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uterus. In the mare the body of the uterus is the largest part, and it is 
here that the foal is carried. 

The muscular structures in the uterus arc highly developed. There 
is an inner layer of circular muscles and an outer layer of longitudinal 
muscles. These muscular structures are of importance because they 
furnish elasticity and support for the fetus and contract vigorously at 
the time of birth to expel the young. 


FIGURE 22. Pregnant uterus with cotyledons: .1, uterus; BB, maternal cotyledon; 
CD , fetal cotyledon E, chorion. (From U.S. Department oj Agriculture , “Diseases of Cattle") 

The fetal membranes that surround the developing embryo are in 
contact with the entire lining of the uterus in swine and the horse. In 
the cow and ewe the attachments to the uterine wall arc made only at 
certain areas called the cotyledons, or buttons. The number of these 
buttonlike structures varies from 70 to 130. 

Cervix. The terminal portion of the uterus is called the cervix, or 
neck of the womb. This part of the reproductive tract has thick walls, is 
generally rather difficult to penetrate, and is usually tilled with a thick, 
sticky plug during pregnancy. 
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The cervix of the mare is nearly straight, relaxes markedly during 
heat, and is relatively easy to penetrate. The cervix of the cow, ewe, 
and sow has several lateral projections or flaps which protrude into 
the passage and is usually fairly tightly contracted. Since the wide¬ 
spread use of artificial insemination, livestock owners and insemina- 
tors have become very familiar with the cervix. It is recommended 
that when artificial insemination is used that the semen be deposited 
just through the cervix. This necessitates the careful passage of an 
inseminating tube through the narrow passageway. 

The functions of the cervix are to serve as a passageway for the 
sperm, and to protect the uterus from foreign material and infection. 
The cervix must relax sufficiently at the time of birth to allow for the 
expulsion of the fetus. 

Vagina. The vagina is that portion of the female genital tract 
between the cervix and the surface of the body. The function of the 
vagina is twofold: (1) to admit the penis of the male at service and 
thus receive the semen or ejaculate of the male; and (2) to serve as the 
final passageway for the fetus at birth. 

Vulva and Clitoris. The external opening of the female tract is 
called the vulva. During heat the vulva may become swollen, and in 
the sow this is a fairly reliable sign of heat. On the lower inner surface 
of the vulva of the marc and cow there is a rounded, projecting struc¬ 
ture called the clitoris. It is less prominent in the ewe and very small 
in the sow. 


THE REPRODUCTIVE CYCLE 

The outstanding characteristic about the reproductive process in 
the female is that it changes in a definite pattern called the sexual cycle. 
The typical male farm animal is willing to mate at any time, but the 
female will mate only at certain brief intervals. The mating period, 
called heat , occurs only once each year in many wild animals such as 
the fox. Cattle come in heat throughout the year and have a series of 
reproductive cycles that arc repeated every 19 to 20 days. Ewes have 
a limited reproductive period, as will be discussed later, and have a 
series of cycles at 16-day intervals in the fall and early winter months. 
Detailed information for each of the classes of farm animals will be 
given in another chapter. 

Sexual Behavior. The reproductive cycle can be divided into two 
parts. One part, heat or estrus, is rather short; it is only during this 
interval that mating or service takes place. The second part is the 
phase between heat periods and makes up the greater portion of the 
reproductive cycle. 
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We had always assumed that the livestock owner is able to recognize 
heat in the various classes of farm animals and that no iscus 1 
^necessary. As the result of wide experience with art.fic.al .nsem na¬ 
tion we were surprised to learn that many cattlemen ^ 
erly detect cows in heat and frequently kept the wrong cow in the 

barn for insemination. . f f 

Since the natural mating or artificial inseminat.on of females must 

be performed at a certain period during heat for best rcs ^’ ‘ , 

essential that the heat period be thoroughly undcrs ood. The fin 
test of a female’s being in heat is whether or not she will allow the male 
to perform service. When herd or flock mating is practiced there is no 
particular problem if the males are vigorous and are placed with the 
proper number of females. In purebred horse and cattle breeding 
hand-mating is often used. Mares should be tried with a stallion at 
frequent intervals, since only the expert can otherwise detect heat 
accurately. Cows are the easiest of the farm animals as far as recog¬ 
nizing heat is concerned. The cow that is in heat will usually allow 
other cows to mount her, although she may also try to ride other cows. 
Cattle in heat arc often restless and may bellow frequently, refuse 
feed, hold up their milk and show increased genital discharge. Some 
cows do not show clear-cut signs of heat and therefore appear to have 
irregular heat periods. The skilled herdsman, who is familiar with the 
individual habits of his cattle, can usually recognize changes and by 
trying a cow with a bull may often find that she is willing to mate. 

We now know that it is the female sex hormone, estrogen, which is 
responsible for the appearance of heat. As previously discussed, this 
hormone is produced by the ovaries. As the egg matures there is an 
increased secretion of the female hormone by the ovary. When the 
proper time arrives, (1) the female comes in heat, (2) she is bred by 
the male, (3) the egg is released from the ovary and passes into the 
oviduct, and (4) the egg is penetrated by a sperm and fertilization 
takes place. 


OVULATION 

Ovulation is the freeing of the egg by the rupture of the follicle in 
the ovary. In cattle, usually one egg is released at each heat period and 
thus only one follicle is ruptured or broken. In swine, many follicles, 
each containing one egg, rupture during the heat period. 

In the farm animals we say that ovulation occurs spontaneously. 
The egg or eggs are released by the ovaries at a definite time during 
the heat cycle regardless of whether or not the female is mated. A few 
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animals, of which the rabbit is an example, ovulate only if mating 
has taken place. We know now that the entire process of the produc¬ 
tion of eggs and their release from the ovary is regulated by the 
gonadotropic and sex hormones. 

Breeding in Relation to Time of Ovulation. The time of ovula¬ 
tion is of very great practical importance to livestock breeders. Since 
both the egg and the sperm have a relatively short length of life it is 
the breeder’s problem to ensure that large numbers of vigorous sperm 
are waiting in the oviducts just prior to the descent of the egg from the 
ovary. If the female is mated too early in heat the sperm may have 
died before ovulation occurs. This is especially true in horse breeding 
since the mare stays in heat for several days. On the other hand, when 
ovulation occurs too far in advance of mating, the egg may have 
undergone changes which prevent its fertilization even though the 
sperm be normal. Practical recommendations for each class of farm 
animals are made in a later chapter. 

Vitality of Ova. It has been more difficult to obtain accurate 
measurements of the survival of ova than in the case of sperm. In the 
guinea pig and rat, experiments indicate that when more than 8 
hours elapse between ovulation and breeding reproduction is affected 
and usually fails completely if the interval exceeds 20 hours. In cattle 
the conception rate is poor if mating is delayed more than 12 hours 
following the end of heat. For practical purposes wc can expect de¬ 
creased fertility or complete sterility if fertilization docs not take place 
within the first 6 or 8 hours following ovulation. 

FACTORS THAT AFFECT REPRODUCTION IN THE FEMALE 

Effects of Age. Sexual maturity is a gradual process and does not 
occur over night. The time at which the first heat period can be ex¬ 
pected is given in Table 4. The first heat period usually occurs long 
before the female is large enough to assume the burden of pregnancy. 
In addition the first few heat periods may be somewhat irregular or 
even abnormal. Heat may occur, but not ovulation. In other instances 
an egg may be formed without being accompanied by heat. 

The production of eggs does not place any great strain on the female, 
but the development of the young is a different story. Long experience 
has taught livestock owners that animals should be fairly well grown 
out before being bred. On the other hand we know that it is a good 
breeding practice to establish pregnancy as soon as a female is capable 
of carrying this added burden. We will advise further about this in a 
later chapter. 
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Effect of Season. As discussed in the preceding chapter, seasonal 
breeding was the rule in ancient times and is still adhered to by wJd 
animals 8 Although we know that cattle, swine, and horses can be 
mated throughout the year, by far the greater number of such females 
produce their young in the spring. Most of the breeds of mutton sheep 
common to the United States come in heat only in the fall. Dorset 
ewes and some of the wool breeds exhibit a tendency to mate through¬ 
out the year. Some progress is being made in the induction of heat in 
sheep throughout the year by the use of hormones and the control oi 
light, but these methods have had little practical application as yet. 


Table 4. The Reproductive Cycle in Farm Animals 


Species 

Length of 
estrual cycle, 
days 

Length of eslrus 

Usual time of 

fifttllfit ifltl 

Length of 
gestation, 
days 

Age at 
pu¬ 
berty, 

Aver¬ 

age 

Usual 

range 

Average 

Usual 

range 

C/i/441 U • • 

Aver¬ 

age 

Usual 

range 

months 

Marc. . . 

21 

10-37 

5-6 days 

1-37 days 

24-48 hours 
before end of 
cstrus 

336 

310-350 

10-12 

Sow.... 

21 

18-24 

2-3 days 

1-5 days 

Usually second 
day of cstrus 

112 

111-115 

3-7 

Ewe... . 

16 

14-20 

30 hours 

20-42 hours 

1 hour before 
end of cstrus 

150 

140-160 

4-8 

Goat ... 

20 

12-25 

36-48 hours 

20-80 hours 

Near end of 

estrus 

151 

140-160 

4-8 

Cow.. . . 

19-20 

16-24 

16-20 hours 

8-30 hours 

14 hours after 
end of cstrus 

281 

274 -291 

4-8 


Importance of Nutrition. The nutritional factors discussed in the 
section on the male have the same general applications in the female. 
Some outstanding differences may be noted. In the male, severe 
vitamin A deficiency affects the testes and may cause the complete 
absence of sperm. In the female, eggs may be produced and pregnancy 
may be established in animals with vitamin A deficiency, but abortion 
is apt to follow. In iodine-deficient pregnant sows and ewes, weak or 
dead young are frequently born. 

In regions where minerals such as calcium, phosphorus, and 
cobalt are known to be deficient, the recommendations of the state 
college or university livestock specialists should be followed. 

Needless to say, animals that are not growing at the normal rate 
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because of improper feed, or those in which general good health is not 
evident, may be expected to give a poor reproductive performance. 

SUMMARY 

The female’s part in reproduction consists of the production of ova 
or eggs in the ovary, their release into the oviducts at the time of 
ovulation, the provision of an opportunity for the fertilization of the 
ova by sperm, and the eventual production of a new individual. If 
we regard the female genital organs as an assembly line, the ova 
originate at the far end of a small tube; in this narrow passageway 
. (the oviduct) they quickly meet and unite with a sperm and then pass 
into an assembly room (the uterus) where all the intricate parts are 
slowly fashioned and fitted together into a completely new individual. 
When the inspectors (probably hormones) arc satisfied with the work, 
word is passed to open the cervix and the “new model” is quickly 
expelled through the vagina into the outside world. 

Although we have not yet discussed pregnancy and parturition we 
will summarize the chronological order of events: (1) production of 
the egg in the ovarian follicle; (2) heat; (3) mating; (4) rupture of the 
follicle and release of the egg; (5) fertilization; (6) formation of corpus 
lutcum; (7) attachment of fertilized egg to uterus; (8) pregnancy; (9) 
birth; (10) milk production for nourishment of young. 

To be successful in the competitive livestock industry, the breeder 
must thoroughly understand these processes and the many conditions 
that affect them. 


QUESTIONS 

1. What arc the female’s responsibilities in reproduction? 

2. Where are the ovaries located? 

3. What are the functions of the ovaries? 

4. What is the corpus luteum? 

5. Where is the female sex hormone produced? 

6. Where is the ovum produced? 

7. What hormones are secreted by the ovaries? 

8. Describe the hormonal regulation of the ovaries. 

9. What are the functions of the Fallopian tubes? 

10. What are the functions of the uterus? 

11. What are the functions of the cervix? 

12. Define the term reproductive cycle. 

13. What is ovulation? 

14. Why is it important to breed at a definite time in relation to ovulation? 

15. Discuss the vitality of ova. 

16. Discuss several factors that affect reproduction in the female. 



Chapter 5 


FERTILITY 

AND STERILITY 


Definitions 

Standards of Reproductive 
Efficiency 

Causes of Reproductive Failure 
Genital Diseases 


The problems of sterility and lowered fertility are not new. High 
prices of livestock and animal products, and new developments such 
as artificial insemination have done much to increase the interest ot 
livestock producers in reproductive problems. Many outstanding 
lines or families of animals have become extinct because of impaired 
reproductive ability. Thousands of animals arc culled from herds and 
millions of dollars’ worth of fecdstuffs arc wasted on animals whose 
usefulness has been destroyed by failure of the reproductive organs. 
The importance of fertility is second to none in breeding farm animals. 


DEFINITIONS 

Sterility. This condition is the complete absence of reproductive 
ability. In the male, for example, the failure of the sire to bring about 
any pregnancies is quickly recognized by the repeated occurrence of 
the heat periods in females to which the sire has been mated. The 
statement is often made that the sterile male causes less economic loss 
to the livestock producer than the unsure breeder. This is because 
sires that settle an occasional female are often kept in use in the hope 
that they will improve. 

Fertility. This is a broad term expressing the degree of reproduc¬ 
tive efficiency. If each service by a bull resulted in the establishment 
of pregnancy we would say that the level of fertility, or reproductive 
efficiency, was 100 per cent. If only half of the services of a bull result 
in pregnancy the level of fertility is 50 per cent. 

Prolificacy. This term denotes large numbers of offspring. Its use 
is usually restricted to the female and especially to animals such as 
swine which produce litters. The normal healthy male usually pro¬ 
duces millions or even billions of sperm at each service. Since only one 
sperm is necessary for the actual fertilization of each egg, it seems 
reasonable that the female will have more influence on the number of 
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offspring per birth than the male. This docs not mean that the number 
of sperm is not important. For maximum fertility a sire should be 
expected to produce great quantities of sperm. This is especially true 
in bulls that are to be used in artificial insemination centers. 

STANDARDS OF REPRODUCTIVE EFFICIENCY 

In order to have some definite standards or goals of reproductive 
performance it is necessary to consider each class of livestock sepa¬ 
rately. We cannot measure efficiency by the establishment of preg¬ 
nancy alone. 

In animals that usually have one offspring per birth, as is the case 
in cattle and horses, the birth of one young for each service would be 
regarded as 100 per cent breeding efficiency. In swine the production 
of a litter of one or two pigs is an economic liability. Likewise the 
birth of 20 small, weak pigs, with a high death loss, is equally unde¬ 
sirable. We might set as a goal with swine the production of 10 vigor¬ 
ous pigs for each service by a boar. 

Unfortunately we seldom attain our goals of 100 per cent reproduc¬ 
tive efficiency. Studies of large numbers of cows have shown that from 
5 to 7 per cent are permanently sterile. The best information available 
indicates that about 1.8 services arc required for each normal preg¬ 
nancy in cattle. In well-managed dairy herds we should expect about 
65 per cent of the cows to conceive on the first service, about 20 per 
cent require two services, and the remainder require three or more 
services. When beef cattle arc handled under range conditions breed¬ 
ing efficiency is usually expressed in terms of the annual calf crop. 
Under such conditions the cows are pasture-bred and exact breedings 
cannot be kept. On the western and southern ranges the calf crop 
may be as low as 40 per cent and occasionally as high as 90 per cent. 
Well-managed cows at the U.S. Range Livestock Experiment Station 
at Miles City, Montana, produced an average calf crop of 83 per cent 
during an 18-ycar period. 

We usually think of swine as the most prolific and most fertile of the 
farm animals. When we carefully study the data on the number of 
services required by boars to produce each litter we find that there is 
a great deal of room for improvement. Successful swine raisers com¬ 
monly report that 10 to 15 per cent of the sows and gilts bred during a 
particular breeding season do not conceive even when bred repeatedly. 
Many producers have not been particularly concerned about this 
since there is a ready slaughter market for nonpregnant gilts of lighter 
weights. It has been known for many years, as a result of examining 
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oregnant swine in slaughterhouses, that only about 70 per cent o 
ecas which sows produce are fertilized and develop into normal pig • 
Taking this into account, along with sows which fail to settle, and pig 
losses which occur after birth, studies by the U.S. Department o 
Aariculture specialists revealed that only 27 per cent of swine eggs 
which had an opportunity to be fertilized were represented by live 


pigs at weaning time. 

Sheep are usually flock-mated. Fertility is expressed in terms of the 
number of lambs born and raised by each 100 ewes in one breeding 
season Under farm conditions the mutton breeds should be expected 
to produce crops of 120 to 150 lambs per 100 ewes. In range flocks the 
average lamb crop may vary from 70 to 100 per cent, although under 
favorable circumstances crops up to 140 per cent are sometimes 


obtained. f 

Reproductive efficiency is lower in horses than any other farm 
animal. When it was a general practice to breed mares on farms only 
about 50 per cent of them produced foals each year. Many of the 
marcs that eventually foaled required service during several different 
heat periods before pregnancy was established. In areas where saddle, 
light-harness, or thoroughbred horses are being produced, annual foal 
crops of 70 or 80 per cent can be obtained if good breeding practices 


arc employed. 


CAUSES OF REPRODUCTIVE FAILURE 

It is commonly believed that sterility is a specific disease or condi¬ 
tion and that it can be corrected by certain definite treatments or 
drugs. No belief could be more erroneous. There are literally hundreds 
of different causes of reproductive failure and no one treatment can be 
effective for all. In general the causes are most frequently among the 
following: (1) anatomical defects, (2) injury of the reproductive 
organs, (3) genital diseases, (4) nutritional deficiences, (5) inherited 
abnormalities, and (6) miscellaneous factors. 

Anatomical Defects. The most common genital defect of the male 
is cryptorchidism. As described in the chapter on the male, this is the 
retention of one or both testes in the abdominal cavity. Depending on 
the exact location of the testis, fertility may be normal or the male may 
be sterile. Since this trait is known to be heritable, animals that are 
affected should never be used as sires. Since it is a recessive trait, 
culling of animals related to cryptorchids will also be necessary to 
reduce its frequency. Females carry factors for cryptorchidism and 
can transmit them to their sons. 
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Sometimes the passageway between the abdomen and the scrotum 
is weakened and enlarged. This may allow the intestines to descend 
into the scrotum. This condition is called scrotal hernia. It is a serious 
defect because it may cut off the circulation of the testes and indirectly 
affect fertility. In addition, it may cause a stoppage of the intestines 
and the death of the animal. This condition is known to be heritable 
in swine and may be in other animals. 

The penis is sometimes prevented from extending beyond the 
sheath by adhesions. In other cases the muscles that hold the penis 
within the sheath may be weakened and allow the penis to protrude 
beyond the sheath. This is apt to result in further damage of the penis. 

The necessity of maintaining the feet and legs of sires in good condi¬ 
tion cannot be overemphasized. Many males of good fertility, as far 
as the reproductive organs are concerned, arc prevented from service 
by sore limbs. 

One of the best known abnormalities in the female is the jreemarlin 
condition in cattle. This condition occurs in about 90 per cent of the 
female calves that are born twin to a male calf. The genital organs of 
the female do not develop normally. The vagina and uterus arc small 
and the ovaries do not function. These animals arc sterile. Veteri¬ 
narians who have had experience with such animals should be able to 
diagnose the condition in the young calf. The bull calves of such 
births are normal. 

The term white heifer disease is an ancient one. This condition was 
first described in certain white or nearly white cattle, but it is not 
limited to white animals. It is an inherited condition in which the 
vagina is closed by a band of tissue which prevents normal service. 
This can sometimes be corrected by an operation. 

A great number of other anatomical abnormalities have been de¬ 
scribed in the female. These range from complete absence of the 
ovaries to missing parts or blockage of the various portions of the 
reproductive tract. Fortunately only a small portion of the livestock 
population has such abnormalities. 

Injuries of the Reproductive Organs. By the nature of their 
location it would seem likely that the testes would be subject to 
injuries from cuts and bruises. Fortunately this does not often happen. 
Any male in which one or both testes appear swollen should be exam¬ 
ined by a veterinarian. Swelling due to infection with the organisms 
which cause brucellosis does occur in bulls and boars, and expert 
diagnosis should be made to prevent the spread of this serious repro¬ 
ductive disease. 

Injuries to the penis do occur during breeding. These are sometimes 
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the result of poor breeding practices and care should be taken, espe¬ 
cially with bulls and stallions, that the male has good footing and 
sufficient space and that there are no obstructions which may injure 
either the male or female. 

The most critical times in regard to injuries to the female genitalia 
are during parturition and breeding. During difficult birth, tears in 
the walls of the uterus, cervix, and vagina may occur. Excessive 
straining or inherent weakness may result in the eversion of the uterus 
or vagina. If these injuries are not properly repaired the future repro¬ 
ductiveness of the female may be affected. 

GENITAL DISEASES 

In general any disease that affects the health of an animal may at 
least temporarily affect reproduction. In the male, for example, 
pneumonia and its accompanying high fever may affect the rate of 
sperm production. There are several definite diseases of the reproduc¬ 
tive organs which all livestock owners should guard against. 

Brucellosis. Brucellosis, referred to in past years as Bang's disease in 
cattle and contagious abortion in swine, is a widespread and costly 
disease. It is a frequent cause of abortion in both cattle and swine. In 
addition its presence in the reproductive tract may cause secondary 
damage which affects future reproduction. 

There are three different types of organism in the Brucella family. 
In cattle the germ which is usually present is Brucella abortus. This 
organism ordinarily lives in the pregnant uterus, but may be found in 
the udder and testes. Cows affected with the disease may abort at any 
stage of pregnancy, but usually between the fifth and eighth months. 
Such aborted calves and the membranes which surround them con¬ 
tain billions of the disease organisms. Other animals and man can be 
infected by handling such material. Abortion does not always occur, 
even though the disease germs are present in the animal. This does 
not mean that the animals do not have the disease. In some cows the 
Brucella organisms may be eliminated in the milk and other animals 
and humans may be infected in this way. 

It has been estimated that about 85 per cent of the abortions in 
cattle arc due to brucellosis. It is also believed that 25 to 30 per cent 
of the cows which have or have had the disease will have difficulty in 
becoming pregnant again. 

Brucellosis in swine is usually caused by the germ Brucella suis. This 
organism can be spread through a herd by both infected males and 
females. In boars, more often than bulls, the germs localize in the 



66 


MECHANISMS OF REPRODUCTION 



FIGURE 23. Female genital abnormalities in swine. Top, compare the size of the 
follicles with bottom. Bottom, compare the enlarged Fallopian tubes with top. (Courtesy 
of I)r*. War nick, Grummer, and Casida , l nicer sity of II isconsin) 
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testes and are introduced into the female at the time of service. In the 
infected female, abortion may occur at any time during pregnancy. It 
may happen so soon after breeding that the owner cannot detect the 
elimination of the tiny embryos. Once swine are infected they usually 
abort only once. Other pregnancies may be normal as far as abortion 
is concerned. However, these animals may still be capable of infecting 
others and are dangerous spreaders of the disease. 

There is a third type of brucellosis which had its origin in goats. 
This organism is called Brucella melitensis and is not common in the 
United States. Man may be infected by all three types of Brucella 
organisms mentioned. Swine are sometimes affected by the cattle type 
and cattle are susceptible to the swine type. 

Up to 1951 there was no known cure for brucellosis. The present 
method of controlling the disease is based upon a laboratory test of 
the blood of cattle and swine. This test, although not infallible, has a 
high degree of accuracy in detecting infected animals. It seems only 
good common sense that all cattle and swine should be tested for 
brucellosis before adding them to breeding herds. 

The vaccination of calves in an attempt to make them resistant to 
the disease has shown some promise but is clearly not the final solution 
of the problem. In most states official programs and regulations have 
been set up for the control of brucellosis. Although the plans are all 
similar they differ enough in the various areas so that local officials 
should be consulted. The method of vaccination in common use 
involves the injection of calves, when four to eight months of age, with 
a special variety of Brucella abortus organisms called strain 19. This 
organism is of a relatively “mild” type and calves of the above ages 
are able to develop some protection against subsequent exposure to 
brucellosis when vaccinated with strain 19. Experimental work with 
other vaccines is being carried on in many experiment stations in the 
hope that absolute protection may eventually be possible. In swine, 
vaccination procedures have been of no value so far. By frequent 
blood testing, the elimination of infected animals, and the isolation of 
healthy animals from sources of infection, many seriously infected 
herds have been restored to good health. 

Bovine Venereal Trichomoniasis. This disease is caused by 
small, tadpole-shaped organisms that live in the sheath of infected 
bulls and the pregnant uterus of the cow. The disease is commonly 
spread by the bull at the time of service. The organisms inhabit the 
uterus and cause the death of the embryo during early pregnancy. 
Since these organisms cannot exist permanently in the nonpregnant 
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uterus the disease can be controlled in cows by not rcbrceding them 
until examination has shown that it is safe. 

In most cases it is best to regard the bull as permanently infected. 
In a few instances cures have apparently been brought about, but 
further experience will be necessary before we know their reliability. 

Vibrio Fetus. This is a tiny comma-shaped organism which occa¬ 
sionally causes abortion in cattle and sheep. Since abortion is a serious 
problem attempts should always be made to determine its cause. 
Therefore, if brucellosis and trichomoniasis have been eliminated as 
the probable cause, the presence of vibrio fetus should be investigated. 

Vaginitis. This term is widely and loosely used in discussions of 
breeding difficulties. In general it means inflammation of the vagina. 
There are many possible causes of inflammation ranging from irrita¬ 
tion to specific microorganisms. There arc instances in which large 
areas of the vagina are infected and in which a thick foul-smelling dis¬ 
charge may be present. These conditions may require long and drastic 
veterinary treatment. Sometimes the inflammation may be limited to 
the vagina and the remainder of the genital organs may be normal. In 
such cases the use of artificial insemination may produce normal con¬ 
ception. Minor vaginal irritation probably has little effect on fertility. 

Nutritional Deficiencies. The most important of the nutritional 
factors that arc required for reproduction were discussed in the pre¬ 
ceding chapters. We might summarize this information in a general 
way by saying that rations which produce normal growth and which 
maintain good general body health are ordinarily adequate for repro¬ 
duction. The requirements of proteins, carbohydrates, and fats for the 
various farm animals are well known and differ but little in various 
regions of the United States. There are, however, wide variations in 
the mineral content of feedstuff's and water even within local areas. 
Recommendations in regard to mineral supplementation can best be 
made by livestock specialists in the various states. 

Specific deficiencies of vitamins, particularly A, and of minerals 
such as iodine, iron, cobalt, and others do occur on farms and may 
limit reproduction. When such deficiencies occur they should be cor¬ 
rected. It is our experience, however, that the use of special vitamin 
or mineral mixtures in herds in good general health is not likely to 
solve the breeding problem. 

Inherited Abnormalities. Every livestock breeder can recall 
families or lines of animals which, although in popular demand, have 
disappeared. One of the best known of such cases was the famous 
highly inbred Duchess family of Shorthorn catde. These animals 
were of excellent type and were in great demand, but unfortunately 
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many of them were inherently of low fertility. This was re 8 ar ^ as ^ 
virtue by some breeders because the shortness of the supply 
constant demand kept sale prices high. It is perhaps just as well that 
this family passed on when it did. In a businesslike livestock °P cratl ° 
there can be little excuse for knowingly propagating animals of lower 

fertility regardless of their other virtues. 

Just as some lines of animals have been notorious for low fertility, 
others have been noted for prolificacy. By constant selection man as 
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FIGURE 24. Effect of vitamin A deficiency in the bull. 1, Testis ol vitamin-A- 
dcficicnt bull; observe absence of sperm and scarcity of all epithelial cells including 
spermatogonia. 2, Same bull after 4 months of vitamin A therapy, extensive but not 
complete repair. 

eliminated the seasonal breeding habits of cattle, swine, and horses 
and may eventually do so in sheep. By the same type of selection 
pressure, man still is increasing the prolificacy of swine. 

Since we have established the fact that lowered fertility or sterility 
is not one condition, we can readily see that selection for high fertility 
is a complicated task. 

The following factors that affect fertility have been shown to be 
heritable: white heifer disease, underdevelopment of the ovaries or 
testes, absence of various portions of the genital organs, cryptorchid¬ 
ism, scrotal hernia, intersexuality, and probably other conditions. 
It is also known that pregnancy is often established but docs not con- 
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tinue to term. Death of the fetus can result from many causes; some of 
them are probably heritable. 

Miscellaneous Factors. In some animals the cause of reproductive 
failure is easily determined. This is particularly true in the case of 
anatomical abnormalities. In some animals the most careful examina¬ 
tion reveals no apparent cause for the reproductive failure. The 
greater part of both the male and female reproductive systems is out 
of sight. Some parts can be examined by touch, as in the case of 



FIGURE 25. Complete absence of the cervix in the sow. (<Courtesy of Dr. A. V. 
A 'albaridov, University of Illinois) 


examination of the ovaries through the rectum. The location of some 
organs and the limitations of making a complete examination by 
touch alone often limit the conclusions which can be drawn. For this 
reason the statement is often made that an animal is normal but just 
docs not conceive. It would be more correct to state that the nature of 
the reproductive disturbance cannot be determined. 

There is evidence that many eggs are fertilized and embryonic 
development is started but that death soon occurs. Whether this is 
due to inherent abnormalities of the ova or sperm, improper develop¬ 
ment of the lining of the uterus, undetected infections, failure of the 
endocrine glands, or to other causes cannot be said with certainty. 
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FIGURE 26. Illustrating inheritance of barrenness through the female line of the 
Duchess family of Shorthorns; barren cows represented by solid black circles. (From 
Babcock and Clausen , “Genetics in Relation to Agriculture ”) 


SUMMARY 

The difference between sterility and degree of fertility has been dis¬ 
cussed. Emphasis is placed on the fact that there are many causes of 
reproductive failure. We have attempted to establish standards of 
breeding efficiency for each of the classes of farm animals. The fertili¬ 
zation of a single ovum and its eventual development into a healthy 
calf is a satisfactory objective in cattle. In swine the establishment of 
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pregnancy is not enough; we must combine reasonable prolificacy, 
vigor, and size of pigs at birth and the capacity of the dam to provide 
sufficient milk for rapid growth. 

The livestock breeder must select strains of animals free of genital 
abnormalities; he must manage breeding animals in such a way as to 
ensure maximum breeding efficiency; he must protect the herd from 
infectious genital diseases; he must prevent injuries during service and 
at parturition; and he must know when to call for professional service 
for the maintenance of good reproductive performance. 

QUESTIONS 

1. What is sterility? 

2. What is fertility? 

3. What is prolificacy? 

4. Give the expected standards of reproductive efficiency for each class of 
livestock. 

5. How docs reproductive efficiency vary under farm versus range condi¬ 
tions? 

6. List the common anatomical defects that may affect fertility. 

7. Describe the freemartin condition. 

8. List the types of injuries that frequently occur to the reproductive organs. 

9. What is brucellosis? 

10. In what animals is brucellosis most likely to occur? 

11. What is trichomoniasis? 

12. What nutritional deficiencies arc likely to affect reproduction? 

13. What abnormalities of the reproductive organs are known to be inherited? 



Chapter 6 


management of 

BREEDING MALES 


Core of Males before Puberty 
Service for Young Males 
Training Young Males for Service 
General Management of Males 


As stressed in other chapters there are many causes of lowered fertility 
or sterility. Reproductive failure is sometimes due to injury or disease. 
This is indeed unfortunate, but the owner often feels that such causes 
are beyond his control and are just bad luck. In many instances, how¬ 
ever, lowered breeding efficiency is the result of using poor breeding- 
management practices. Wc have long realized that there are definite 
practices associated with high milk production or that there are good 
and poor feeding practices. Only in recent years have we realized that 
there is a best time to breed a cow or an optimum rate of use for a bull. 
We will discuss some of these practices for each class of livestock and 
for both males and females. 

CARE OF MALES BEFORE PUBERTY 

Under ordinary farm conditions most of us do not devote much 
thought to the care of a young bull, boar, or ram until we are ready to 
put him in use. When the young sire is being fed a ration that will 
produce normal growth, when he has access to good pasture in the 
summer and good quality roughage in the winter, there is little that 
we can suggest to improve his feeding. Under such conditions 
nutritional deficiencies are not likely to occur, but wc will mention a 
few situations which should be avoided. 

In cattle, when the pregnant cow is deficient in vitamin A the new¬ 
born calf may show evidences of damage to the anterior pituitary 
gland. This gland regulates growth, reproduction, milk production, 
and other body functions. It cannot be stated with certainty that 
early damage to the pituitary will affect the calf in later life, but on 
the other hand, the writers fail to see how it could be of any benefit. 

In sheep and swine a deficiency of iodine in the pregnant dam may 
cause goiter (enlargement of the thyroid gland) in the newborn. 
Since the thyroid is concerned with growth and development, it would 
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seem logical to expect a young animal to do better if his thyroid were 
normal. We emphasize the need of feeding the pregnant dam properly 
in order that her young will be normal at the time of birth. 

The selection of the breeding males on the basis of fatness may be 
misleading. In the meat animals we want individuals that will grow 
. rapidly, make efficient gains, and fatten for market at an early age. 
Care must be used that degree of fatness is not confused with rapidity 
of growth. A young male fitted for show will most generally be more 
pleasing to the eye than one which has been on pasture with little or 
no grain. On the other hand, a fattening ration may lack some of the 
constituents which are necessary for maximum reproduction. The 
fattening ration will be high in carbohydrates and energy-producing 
substances, but usually it contains less vitamins than properly supple¬ 
mented pasture. 

We occasionally observe a bull or a boar which carries a high degree 
of finish but behaves more like a steer or a barrow than a vigorous 
male. The question then arises, is the male lacking in sex drive because 
he is fat, or docs he resemble a castrate in ease of fattening because he 
does not have entirely normal testes? For these reasons we should 
select sires on the basis of masculinity, vigor, animation, size and 
scale, rapidity and economy of growth, and freedom from disease. If 
growing males have these characteristics we arc reasonably safe in 
assuming that the management of the young stock is satisfactory. 

SERVICE FOR YOUNG MALES 

Sexual maturity or puberty does not occur all at once. A male is not 
sterile on one day and highly fertile the next. It is during the transi¬ 
tional period from the beginning of sexual maturity until full sexual 
maturity and final body size have been reached that good judgment 
must be used in regard to the service rate for young sires. 

There is the general opinion among breeders that the excessive use 
of a young sire may cause lowered fertility for a time and even tem¬ 
porary sterility. In most cases, however, the male will recover his 
fertility following sexual rest. The geneticist and livestock breeder are 
interested in learning the true breeding value of a sire at the earliest 
possible moment. Proving any sire is a long process under the best 
conditions. If we can speed up the process by using boars, rams, and 
bulls during their first year of life we should do so. 

Every male must be treated as an individual. Some boars might be 
capable of serving and bringing about pregnancy at six months of age. 
Some boars may not give satisfactory fertility until nine months of age. 
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Tf the reader will bear in mind these individual variations, we will try 
to make some general recommendations which will apply on most 
farms in the United States. 

From the standpoint of semen volume and concentration oi sperma¬ 
tozoa we have two classifications of males. The ram and bull produce 

email volume of semen but of a very high concentration of sperm. 
These two species can be used at a relatively young age without 
seriously depleting the semen supply. Boars and stallions produce a 
relatively large volume of semen with a low concentration of sperm. 
Frequent use of young males of these species, for example, once a day, 
will be followed by a noticeable reduction in both semen quantity 


and quality. . , f 

Limited service may be given boars at eight or nine months ol age; 

many boars produce sperm in large quantities by the time they are 
six months of age. Rams are capable of limited service during their 
first fall when they are about nine months old. A well-developed 
yearling bull who can serve cows without physical difficulty can be 
used if carefully managed. There are great differences between stal¬ 
lions, especially those of different breeds. Most stallions arc withheld 
from'service until they are two years of age although the testes produce 
sperm during the first year. 


TRAINING YOUNG MALES FOR SERVICE 

Under natural conditions when males ran freely with females it is 
probable that occasional mating took place long before the ages wc 
have indicated. On the other hand, in large herds or flocks, it is quite 
likely that the largest and most powerful males dominated as far as 
breeding activity was concerned. Males probably did little breeding 
until they were old enough and large enough to perform service with¬ 
out difficulty. 

There is good practical evidence to indicate that the breeding 
habits of males should be established by proper training and not 
allowed to develop in a hit-or-miss fashion. If a male’s first attempts at 
service are unsuccessful it may require great patience to get such 
animals to work satisfactorily. We should be sure that the females to 
be served are in heat and will stand quietly. Large females should be 
placed in a breeding rack or restrained in such a way that the male 
can reach. Slippery footing is one of the chief barriers to satisfactory 
service. The male may become injured or discouraged if he falls as he 
attempts service. When mating is carried out inside a building atten¬ 
tion should be given the height of the ceiling and obstructions in the 
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pen. Head injuries of the sire because of service in a low-ccilinged barn 
do occur. 

Our first practical rule is that males be mated with the females 
which are physically suited as to size. Second, the sire must have suffi¬ 
cient sexual drive to complete service. If he cannot do this he is either 
not ready for use or he is being mishandled. Third, when a sire serves 
willingly and without difficulty, and settles a normal number of 
females, he is probably being used wisely. Patience and kindness in 
the training of young sires is usually well repaid. 

Use of Bulls. A well-developed yearling bull should be expected 
to serve at least 25 cows between his first and second years. Older 
bulls should be able to service 50 to 75 cows annually, provided the 
services are well spaced. When cattle are being bred to calve through¬ 
out the entire year, it is obvious that a single bull will be able to 
service a sizable herd if hand-mating is used. If the breeding season 
is confined to a month or two so that the cows will calve in the spring, 
and if the bull is allowed to run with the cows, it is equally obvious 
that the male will not be so efficiently used. 

In experiments to determine the effect of repeated ejaculations on 
semen quality, one bull was allowed 24 services during a 27-hour 
period. The number of sperm remained high until the fifteenth service 
and then declined rapidly. Many bulls would not be willing to mate 
this often. This sort of an experiment indicates that nature tends to 
protect the bull against sperm depletion. We do not suggest that this 
rate of service should be allowed. Some bulls can serve every three or 
four days for long periods of time without ill effects. A mature bull 
should be able to serve four or five cows on a particular day provided 
he is later given several days of rest. 

In well-organized bull studs for artificial insemination, the usual 
practice is to collect from each bull at 5- to 7-day intervals. In most 
cases two successive ejaculates arc obtained at each weekly collection 
period. 

Some bulls that have been of good fertility in a small herd have not 
given satisfactory fertility in bull studs when semen is collected fre¬ 
quently and is diluted and shipped for artificial insemination. Actual 
breeding performance is the final proof of a bull’s fertility. When 60 to 
70 per cent of the cows bred conceive on the first service, the herdsman 
can feel sure that he is managing the bull satisfactorily. 

Use of Rams. Rams are not ordinarily used until their second fall 
when they are about 18 months of age. As previously mentioned the 
practical breeder has much to gain by breeding a few ewes when the 
ram is nine months old in order to observe his transmitting ability. A 
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thrifty, well-developed ram lamb should be able to serve three or four 
ewes weekly during his first fall. In a six-week breeding season a young 
ram should be able to serve 20 to 30 ewes. 

At 2 Yi years a ram should be able to serve 40 to 50 ewes. Highly 
fertile rams, when hand-mated, may cover as many as 80 to 90 ewes. 
When rams are allowed to run with ewes it is best to be conservative. 
On good pasture or range when the ewes do not separate excessively 
one ram per 40 or 50 ewes should be satisfactory. 

Under experimental conditions it has been shown that, in a ram 
which was allowed 42 services during a 9-hour period, 100 million 
sperm were still present in the last ejaculate. 



FIGURE 27. A method used for exercising bulls at experimental farm, Beltsvillc, 
Md. (Courtesy of Bureau of Dairy Industries , U.S. Department of Agriculture) 

Stud rams should be kept as cool and comfortable as possible. In 
the Middle West it is a good practice to keep the rams shorn during 
the summer. Plenty of good pasture and shade should be provided. 
Semen quality is reduced during extreme hot weather. 

In males that are not used sexually for long periods of time the 
sperm which are stored in the vas deferens may become useless. Many 
breeders allow a ram to breed one ewe several times in succession 
early in the breeding season to get rid of some of these senescent sperm. 
Some breeders use a “teaser” ram to pick out ewes which are in heat 
and hand-mate these to the stud. This can be done by tying an apron 
in front of the sheath so that service cannot be completed. Such 
teaser rams are turned in with the flock in the morning and evening 
to sort out the ewes in heat. 

When flock mating is being used the shepherd can get an idea of the 
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ram’s breeding activities by painting the brisket of the ram with 
motor or linseed oil to which carbon black or colored pigment has 
been added. When the ram serves he marks the ewe. Paint should not 
be used since it harms the wool. Recently a patented device that can 
be attached to the ram’s brisket and which contains colored marking 
material has been placed on the market. 

Use of Boars. Since swine are usually bred in the spring or fall, and 
as most producers want to concentrate the farrowing season as much 
as possible, we have a practical problem of using the boar rather 
heavily for a short period of time. As described previously, the large 
volume of semen and the low concentration of sperm, as compared 
with bulls and rams, creates certain problems. 

Research work has shown that when boars were used once each 24 
hours that semen quality declined. This does not mean that a boar 
will not be fertile if used daily, but it does mean that boars need more 
sexual rest than other males. It is suggested that boars from 8 to 14 
months of age not be used more often than every other day if they are 
to be in use for several weeks. Mature boars can be used once or twice 
daily and still produce satisfactory litters. 

Practical swine producers do not agree too well on this question. 
Personal surveys of the authors reveal that some herdsmen occasion¬ 
ally breed four or five sows to one boar during a single day without 
afTecting litter size. It is our observation that the heavy use of boars, 
or breeding sows at random stages of heat, is apt to reduce litter size! 

Use of Stallions. Stallions should be used sparingly until they are 
three years of age. There arc wide differences between breeds of 
horses as to size and temperament. Willingness and ability to serve 
mares readily should be considered in the breeding management of 
stallions. 

During the first part of this century stallions were driven or ridden 
from farm to farm, or were stood in a public place where they bred all 
mares which were in heat. Studs were often mated to six or eight 
mares a day. The heavy use of the stallions and the random mating of 
marcs during all stages of heat explain the poor fertility obtained. By 
such methods only one-half of the marcs bred produced foals, and 
even on farms where use of the stallion was limited to one herd of 
mares, the foal crop was often less than 50 per cent. 

A healthy mature stallion should be able to perform one service 
daily for long periods of time. They may occasionally be allowed three 
or four services per day, but should then be given several days of 
sexual rest. Since artificial insemination is so easily performed in 
horses there should be no need of giving more than two services daily. 



MANAGEMENT OF BREEDING MALES 7V 

One ejaculate, when divided for insemination, is sufficient for three to 
five mares. 


GENERAL MANAGEMENT OF MALES 

Cattlemen have long made the statement “the bull is half the 
herd.” Many herdsmen would do well to remember how important 
the sire is when they arrange his quarters, and feed and care for him. 
The sire is often placed in that part of the barn that cannot be used for 
anything else. A sire should be kept where he can keep dry, where he 
can exercise or not as he wishes, where he will have access to pasture 
in season, where he can see other animals, and where he will be readily 
available for service. The scrub bull allowed to run with cows is fre¬ 
quently better cared for than the purebred bull confined to a box 
stall. Males are usually larger than females; this is sometimes inter¬ 
preted to mean that they should therefore be able to thrive on coarse 
roughage that females will not eat. 

The requirements for milk production in dairy cows, or growth of 
market hogs arc well known. Unfortunately, we do not yet know 
whether or not there arc special nutrients required for maximum 
semen quality. Experiments at Cornell University, in which bulls 
were fed rations containing 12, 16, or 20 per cent protein, or 100, 120, 
or HO per cent of the Morrison dry-cow maintenance requirements, 
showed no differences in fertility. 

The question of exercise for breeding animals is a favorite one of 
livestock men. Individual animals vary in exercise requirements and 
can generally regulate their needs if given access to a large paddock. 
Animals confined to close, damp quarters may develop overgrown 
hooves, foot rot, and joint disturbances. Some sires, whose semen 
quality is satisfactory, are unable to serve because of sore or diseased 
feet and legs. Forced exercise is sometimes given, but it can be over¬ 
done. Some stallions have been given so much road work that they 
were too tired to serve. In some large bull studs all bulls were given 
a certain amount of exercise each day. It was soon observed that bad 
as well as good effects resulted. The correct amount for some fat, 
sluggish bulls was an unnecessary drain of energy for others. 

The proper conditioning or training of males for service has been 
stressed. Good breeding habits can be established just as cows can be 
adapted to milking parlors. Males not trained to use a breeding rack 
in early life may refuse to do so later. Some males are quickly trained 
to use the artificial vagina or to mount a dummy; other males refuse 
to cooperate. 
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Sires should be purchased subject to their ability and willingness to 
serve and their success in impregnating healthy females. The legal 
interpretation of fertility may not satisfy the practical livestock 
breeder. The fact that a sire produces some offspring usually satisfies the 
legal requirements. We should expect males to measure up to the 
average fertility of the species. If more purchasers would demand 
guarantees including such definite points as normal fertility and free¬ 
dom from genital diseases, there would be fewer dissatisfied customers. 

Every purchase of a sire is a hopeful experiment. The new owner 
hopes that the male will transmit the factors for rapid and efficient 
growth, high milk, meat, wool, or egg production. Each purchase is 
an experiment in that fertility and freedom from disease will be in 
doubt until normal healthy offspring have been born. The measure¬ 
ment of the performance of the young takes even longer. Over a 
period of years the choice of sires is the difference between success and 
failure in the livestock business. 

SUMMARY 

Emphasis is given here to managing young sires in such a way that 
they are well grown out, masculine, vigorous, healthy, and not exces¬ 
sively fat. Sexual maturity occurs gradually. As males become older 
they can, up to a certain point, be given increased sexual use. There is 
no substitute for good judgment in determining the service rate of young 
males. We have attempted to make conservative recommendations 
for the use of sires of the various classes of farm animals. Males that 
are to be used in hand or controlled mating should be trained to fol¬ 
low a definite routine. Special attention should be given to prevent 
young males from becoming injured or frightened during service. 
The sire is the most important individual animal in the herd. He 
should be properly fed, well housed, and intelligently used. Special 
attention must be given to maintain his feet and legs in good condi¬ 
tion, to prevent injury, excessive fatness, and to keep him free of such 
genital diseases as brucellosis and trichomoniasis. 

QUESTIONS 

1. List the important points in the care of males before puberty. 

2. Discuss the question: “Are males frequently lacking in sex drive because 
they are fat?” 

3. What is puberty? 

4. What arc the effects of excessive use of young males? 

5. Classify the farm animals on the basis of semen volume. 



MANAGEMENT OF BREEDING MALES 


81 


6 Discuss training young male animals for service. 

7 How many cows should a yearling bull be expected to breed between 
his first and second years? 

8 How many cows can a mature bull serve annually by natural mating? 

9 Can ram lambs be used for service before they are a year old? 

10. How many ewes should a mature ram be able to service? 

11. How can we tell, under flock-mating conditions, when a ewe has been 

served? 

12. Discuss the use of young boars. 

13 . What is the usual age at which stallions arc placed in regular service? 

14 How frequently should mature boars be used? 

15. Discuss the problem of fertility of the “traveling” stallion. 

16. Defend the statement: “Scrub bulls are frequently better cared for than 
purebred bulls.” 

17 . Why are sound feet and legs important in a sire? 

18. Why is a sire “half the herd,” or even more? 



Chapter 7 


MANAGEMENT OF 
BREEDING FEMALES 


Care of Females before Puberty 
Age at Time of Breeding 
Care of Females During 
Pregnancy 

Specific Breeding Problems of 
Cattle, Swine, Sheep and 
Horses 

Breeder and Veterinarian 
Relations 


There is no one system of management that will ensure maximum 
fertility in all types of farm animals. In any nation as large as the 
United States, or other areas of the world, local conditions will often 
limit the systems which can be used. The New Jersey dairyman, for 
example, expects to produce about the same number of calves during 
each month of the year. The climatic and range conditions of the 
Wyoming rancher limit his calving season to the spring months. 

Under some cattle-breeding conditions it may be a poor practice 
to allow a bull to run with the cows. The producer of beef cattle, on 
the other hand, most generally depends entirely upon pasture or 
range breeding. We would like to emphasize, therefore, that a good 
practice under one set of conditions may be a poor one under other 
circumstances. Such questions as hand versus herd or flock mating, 
artificial insemination versus natural service, the two-litter versus one- 
litter-per-year system with swine must be decided on the basis of 
local conditions. 

In any livestock breeding operation the objective must be to secure 
as many offspring of the best type as is possible. In order to accomplish 
this every breeder should be willing to apply the best breeding- 
management practices that are possible with the facilities available 
to him. 


CARE OF FEMALES BEFORE PUBERTY 

The basic principles for the care of young males, which were out¬ 
lined previously, also apply to young females. In general, animals that 
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grow at the normal rate and appear to be in good health can be re¬ 
garded as being properly managed. 

Most beef calves are dropped in the spring and allowed to run with 
their dams until fall. Provided the dam is a good milker and that the 
range is reasonably good it would be difficult to think of a more satis¬ 
factory start in life. In many dairy herds the calves are not so fortunate. 
They are removed from their dams as soon as normal milk has replaced 
the colostrum. They may or may not receive whole milk for a few 
weeks, and are usually fed various types of milk substitutes. Dairy 
calves can and do flourish under artificial conditions, but they will 
not thrive in the hands of a careless herdsman. Calves born during 
the late fall and winter months are particularly subject to scours, 
pneumonia, and other diseases. These result in poor growth and 
lack of thriftiness, may delay puberty, and perhaps influence later 

performance. 

Many calves, lambs, and foals are roughed through their first win¬ 
ter. We should keep in mind that there arc different ways of “roughing 
it.” If the animals remain in good health and vigor, even though their 
winter gains may be small, they will usually gain very rapidly when 
turned on pasture in the spring. There is a balance between proper 
feeding and overfeeding. We caution against selecting females from 
the feed lot. The fattest ones may not actually represent the type we 
are striving for, and excessive fatness and high breeding efficiency do 
not always go together. Young females should grow at the normal 
rate for the breed, but we do not want them excessively fat. When 
animals are lacking in feed to the point of emaciation, both growth 
rate and onset of sexual maturity arc delayed. It was found at the 
Utah Experiment Station that supplementing the roughage ration 
of ewe lambs during their first winter improved the conception rate 
the following fall. 


AGE AT THE TIME OF BREEDING 

The reproductive burden of the female is far greater than that of 
the male. The female is usually bred long before she has reached 
mature body size. This means that the pregnant female must continue 
her growth as well as provide nutrients for the developing fetus. The 
requirements of pregnancy, however, are not so great as the demands 
that are placed on the lactating female. In most classes of farm animals 
more energy is required for milk production than for pregnancy 
itself. 

In every herd there are mature females that are distinctly smaller 
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than the rest of the herd. The livestock breeder often explains their 
lack of size on the basis of too early breeding. Studies begun at the 
University of Missouri nearly 50 years ago showed that delayed 
pregnancy actually reduced mature size in swine. Sows bred at 218 
days of age farrowed 8.68 pigs per litter and reached a mature weight 
of 415 lb. When breeding was delayed until the sows were 838 days of 
age only 5.62 pigs per litter were born and the females weighed 384 lb. 
at maturity. 

If properly fed, especially during lactation, females could probably 
be safely bred before the ages we now recommend. 

It is general experience that the breeding efficiency of heifers is 
lower than that of mature cows. This may be due in part to the fact 
that sexual maturity is a gradual process and that the entire reproduc¬ 
tive tract synchronizes itself with age. One of the most important 
reasons for the difference is that a mature cow has already been 
selected for breeding efficiency. The fact that a cow has had three or 
four previous calves is some guarantee that she is a proved breeder. 
There will always be some heifers with inherent abnormalities which 
prevent normal conception. Breeding efficiency is usually maximum 
in dairy cows between the ages of four to six years; it is about 5 per 
cent lower in one- to three-year-old cows. In beef cattle under range 
conditions two- to three-year-old cows are not as fertile as five- to six- 
year-old cattle. 

Under practical conditions gilts arc usually bred to farrow when 
from twelve to fourteen months of age. It is common knowledge that 
sows have larger average litters than gilts. As is the case in cattle, this 
is probably due to both increased fertility with age and the retention 
of only the prolific sows in a breeding herd. Studies at the University 
of Minnesota showed that litter size increased with age of gilt from 9 
months until 15 months, but did not increase beyond this point. 
Recent investigations at the University of Wisconsin showed that 
litter size is increased if gilts arc not bred the first time they come in 
heat. For example, if a gilt was first observed in heat at 225 days of 
age, breeding her at the next expected heat period nineteen to twenty 
days later would probably increase litter size. 

Sheep are seasonal breeders and are usually bred during their sec¬ 
ond fall when from eighteen to twenty-one months of age. Ewe lambs 
are capable of becoming pregnant when about nine months old. 
Fertility increases until the ewes are three to six years of age and then 
declines. 

Young virgin mares are somewhat more difficult to get with foal 
than are older mares. Females that are well grown can be bred when 
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two years of age, but most breeders wait until the mares are thirty to 
thirty-six months of age before placing then in the breeding herd. 


CARE OF FEMALES DURING PREGNANCY 

In general the requirements of the pregnant female are taken care 
of by proper feeding and the application of good livestock-manage¬ 
ment practices. We have emphasized the importance of good nutrition 
in other chapters. Each class of farm animal has its own special re¬ 
quirements as far as general management and feeding arc concerned. 
The pregnant sow should be allowed to be on pasture whenever it is 
available. Her grain ration should be properly balanced as to protein, 
carbohydrates, vitamins, and minerals. Corn alone may maintain 
the weight of a pregnant sow, but it cannot possibly supply the pro¬ 
teins, vitamins, and minerals which are essential during pregnancy. 

Pregnant ewes and beef cows will do very well during late preg¬ 
nancy if they are fed high-quality legume hay, supplemented with 
small amounts of corn or oats and soybean oil meal or cottonseed 
meal. Pasture should always be utilized when available. 

Lactating cows must be especially well fed if the requirements of 
both milk production and pregnancy arc to be met. Dairy cows 
should be given a dry period of about eight weeks before calving. 
During this time the cow should be fed in such a way that she will be 
fitted for the next lactation. The most important purpose of this rest 
period is to build up the entire body so that it will be capable of high 
milk production following calving. Specific rations for all classes of 
stock and all areas of the country can be obtained from county agents, 
vocational teachers, and extension specialists. 

To facilitate parturition, pregnant females should not be allowed 
to get too fat.. Fat animals not only have more difficulty in delivering 
their young, but they also become lazy and do not move about much. 
All animals should be allowed an opportunity to exercise. This keeps 
their feet and legs in good condition and the muscular system in a 
better state. 

Whenever possible livestock should be handled frequently enough 
to develop confidence in the caretakers. Under range livestock- 
management conditions this is not possible. It is difficult to assist at 
parturition if the female is unduly frightened. Dairy cattle require 
special care and training before freshening to facilitate hand or 
machine milking and to accustom them to elaborate milking 
parlors. The more contact these animals have with the herdsman 
the better. 




FIGURE 28. An example of an individual breeding record form. 

SPECIFIC BREEDING PROBLEMS 


Cattle Breeding Problems. Most cows, if well cared for, come in 
heat throughout the year and can be bred at any time. In dairy herds 
engaged in the production ol milk for fluid consumption it is necessary 
that cows calve throughout the year. In less intensive dairy areas, and 
in beef herds, calving is generally confined to the spring months. 

For maximum breeding efficiency it is desirable to have records of 
the heat periods of every cow. The owner should know the calving 
date, time of first heat period after calving, and breeding dates. Some 
cows have short heat periods and some remain in heat longer than 
average. Some cows show strong evidences of heat and others are 
difficult to detect. The good herdsman will recognize the individual 
peculiarities of each cow and manage her accordingly. 
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The average length of heat is 16 to 20 hours. In Costco wstheeggis 
liberated from the ovary 10 to 18 hours after the end of heat. If a co 
is not bred or does not become pregnant the next heat period wi 

occur in 18 to 21 days. . « t u 

When a cow is first found to be in heat in the morning, she should 

be bred during the afternoon or evening of that day. When heat 
begins in the late morning or early afternoon, it is best to breed late 
in the evening. If the cow is still in heat the next morning she should 
be bred at that time also. Now that artificial inseminat.on is being 
widely used, cows are sometimes inseminated shortly after heat ends. 
Under natural breeding conditions this would not occur as the animal 
will no longer accept the male then. Inseminating after heat ends is a 
good practice only if it is carried out within 6 hours after the cow goes 
out of heat. The insemination of cows without regard to the time of 


heat is a very poor practice. 

Breeding cows more than once during heat may increase the chances 
of pregnancy under certain conditions. In cows with unusually long 
heat periods a second service may provide a new supply of fresh sperm 
nearer the time of ovulation. Wc frequently recommend a second 
service in cows that are hard to settle on the chance that they may 
ovulate later than usual. Two services in quick succession arc usually 


of no value. 

Cattle differ from the other farm animals in several respects. Since 
cows have shorter heat periods than any other farm animal, it is easy 
to miss the occurrence of cstrus unless the animals arc observed closely. 
Some cows are easily overlooked during the winter months when they 
are confined to stanchions. Cows in distant pastures are also often 
missed. Cattle that appear to have an occasional cycle of 38 to 42 days 
may not have missed a heat period, but have been overlooked by the 
owner. The fact that cattle ovulate after they have gone out of heat 
also puts them in a class by themselves. We have said that the average 
cow ovulates 10 to 18 hours after going out of heat. Some may shed 
the egg while still in heat, and in some, ovulation may take place dur¬ 
ing the second day after heat. Abnormalities in the time of ovulation 
may prevent conception. The examination of problem breeders by a 
competent veterinarian may reveal such a condition. The use of 
artificial insemination near the time of ovulation may correct the 
difficulty. 

Cattle must not be bred too soon after calving because the uterus 
must undergo several changes before it is ready for a new pregnancy. 
Most cows come in heat 40 to 60 days after calving. Beef cows usually 
resume heat periods sooner than dairy cows. For best results breeding 
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sh °,V ld ta L ke place 60 10 90 da V s after Parturition. Sometimes, espc- 
cially in high-producing dairy cows, the heat periods have not been 
resumed within 80 to 90 days. An examination of such cows should be 
made. Often a corpus luteum in one of the ovaries may prevent the 
formation of new follicles. This situation can be easily corrected by 
manipulation of the ovaries by a trained person. 

Cattle have several common reproductive disturbances. The free- 
martin condition described earlier is unique in cattle; 90 per cent of 
the heifers born twin to a bull are sterile. This is one of the reasons 
that twinning is not regarded as a valuable trait in cattle. Cystic 
ovaries and constant heat is common in dairy cows. Cattle are plagued 
by several genital diseases: brucellosis, trichomoniasis, and infections 
of the vagina, cervix, and uterus. 

Swine Breeding Problems. Sows come in heat throughout the 
year and may be bred to farrow at any season. The conditions on each 
particular farm will largely determine the type of swine-breeding pro¬ 
gram which will be followed. Throughout the corn belt the two- 
litter-a-year system is common practice. When only one litter is pro¬ 
duced the sows arc usually bred in the late fall for spring farrowing. 
When it is desirable to have about the same number of feeder pigs on 
hand at all times, as is the case with large garbage feeders, it is neces¬ 
sary to breed sows so that some are farrowing at all months of the 
year. One of the most recent developments in the swine industry, the 
pig hatchery, introduces many new problems. If there is a continuous 
farmer demand for young feeder pigs it will be necessary to have more 
or less continuous farrowing at the pig hatcheries. This should be possi¬ 
ble as far as the reproductive processes are concerned. However, it 
docs increase the likelihood of outbreaks of swine diseases, such as hog 
cholera, dysentery, and gastroenteritis, because of the constant pres¬ 
ence of new crops of susceptible animals. 

The average length of heat is two to three days. Sows are more 
likely to be in heat for three days than are gilts. Heat may vary from 
one to five days. It is desirable that the herdsman have as much infor¬ 
mation about the individual sows as we have recommended for cows. 
Since the value of individual swine is less than cattle, and since other 
farm operations may limit the labor available during the breeding 
season, it may be difficult to accomplish this, but if at all possible it 
should be done. The length of time between heat periods is 17 to 20 
days. 

It is believed that most of the eggs are released by the ovaries on the 
second day of heat. Ovulation does not occur all at once. A few eggs 
might be produced late on the first day and some might be shed on 
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the third day of heat. Our objective is to fertilize as many of the ova 
as possible. We suggest that gilts be bred early on the ^ cond J a |' ° 
heat Sows that tend to stay in heat three days can be bred at any time 
during the second day, preferably on the afternoon of the second day 
If it had been observed that a female seldom stayed in heat two full 
days, breeding very early on the second day would be desirable ' 
Breeding more than once during the heat period should improve the 
litter size. The sow that is in heat for three or four days could well be 
bred late on the second day and again on the third. Obviously a 
female suspected of staying in heat only one day should be bred late 


during the first day. . 

Practical swine breeders have particular systems which they tavor 
because of past success. Some producers report that they breed sows 
at any time without respect to time of heat. This may well account for 
some of the small litters or conception failures which are all too com¬ 


mon in swine. 

When a boar is allowed to run with a small herd of females he 
usually serves each several times during heat. Under such circum¬ 
stances, fertility and litter size may be excellent. The chief objection 
to herd mating is that it limits the number of females which a valuable 
boar can serve. In purebred swine production proper hand mating 
will allow more females to be bred to valuable boars and will improve 
litter size. Under farm conditions the females often come in heat in 
groups. When a gilt and a sow come in heat simultaneously and arc 
to be bred to the same boar, it is best to breed the gilt early on the 
second day and the sow late on the second day of heat. The boar 
should not be allowed two services only a few minutes apart. 

Some sows come in heat a few days after farrowing. Some of them 
would conceive if bred at this time, but we do not recommend it. 
Heat usually occurs three or four days after the pigs are weaned. 
When all the pigs are weaned at once, this results in a fairly large per¬ 
centage of the sows being in heat at the same time. When it is desirable 
to concentrate the farrowing season in a short period, the simultane¬ 
ous occurrence of heat makes this possible. It does increase the prob¬ 
lems of using the boar wisely and avoiding excessive service. 

When the farrowing season has extended over too long a time the 
herdsman is frequently interested in the induction of heat in lactating 
sows. Work at the Ohio Experiment Station showed that the separa¬ 
tion of the pigs from the sows for several successive nights would 
induce heat. Recently, California scientists have found that hormone 
treatment is effective. The injection of 1000 International Units 
(I.U.) of a special hormone called equine gonadotropin , between the 
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thirty-ninth and sixty-eighth days of lactation will usually induce heat 
within three to seven days. 

Swine breeders have several important breeding problems. Many 
of the eggs that sows produce arc not fertilized at all. At least 5 to 20 
per cent of the fertilized eggs do not develop normally; we call this 
embryonic death. From 10 to 30 per cent of the live pigs farrowed die 
within the first seven to ten days. Brucellosis is the only widespread 
genital disease. It may cause extensive abortions in swine; it may be 
transmitted to man, and should be regarded as a serious threat to the 
swine industry. Fortunately, by purchasing only tested stock, and by 
systematic herd testing, this disease can be eliminated or prevented. 

Sheep Breeding Problems. Most breeds of mutton sheep arc 
strictly seasonal breeders. In North America the heat periods occur 
from August through January. Fertility is usually maximum in the 
Middle West in late September. In the range states of the Northwest, 
breeding is usually carried on during November and December. In 
the Southwest the ewes arc usually lambed from January through 
March. Early lambs, sometimes called hot-house lambs, arc frequently 
produced by Dorset X Merino ewes bred to mutton-type rams which 
tend to come in heat during the summer. 

Ewes stay in heat about 30 hours. Ovulation occurs shortly before 
the end of heat. If pregnancy does not occur the ewes will return in 
heat in 14 to 16 days. When hand mating is used it is best to allow 
service late on the first day of heat. The most common farm practice 
is to allow the rams and ewes to run together. Rams can give frequent 
service without danger of lowered fertility. As mentioned earlier, 
fairly accurate records can be kept by painting the brisket of the ram. 
Ewes should be clipped in the tail region before the rams are turned in. 

Horse Breeding Problems. The chief interest in horse breeding in 
the United States now is with the various types of pleasure horses. 
Many of the specialized breeding farms employ veterinarians to over¬ 
see the breeding-management practices. When stud fees range from 
several hundred to several thousand dollars the maintenance of maxi¬ 
mum breeding efficiency is serious business. 

Mares may be bred at any time of the year, but most are bred for 
spring foaling. The long heat period, four to six days, poses a problem 
of optimum time of breeding. If not pregnant, mares return in heat 
14 to 16 days after the last day of the previous heat period. Ovulation 
usually occurs 24 to 48 hours before the end of heat. If we could pre¬ 
dict the exact time of ovulation in advance it would be easy to select 
the time of breeding. In order to provide the greatest likelihood of 
conception we recommend that all mares be bred more than once 
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during the heat period. The very best way is to breed or artificially 
inseminate all mares each day of heat beginning on thej*ecandday. 
If this is not possible mares can be bred every other day beginning o 
the third day of heat. Some successful breeders provide service on the 
tWrd fourth, and fifth days. If only one service is ^ should 
be on the fourth day of heat. Breeding during the first heat period a 
few days after foaling (foal heat) may produce pregnancy, but it is no 
to be recommended. It is best to allow the uterus an opportunity to 
regress and repair the effects of pregnancy. 


BREEDER AND VETERINARIAN RELATIONS 

When properly utilized, veterinary service may be of great value 
to the livestock breeder. As we have discussed elsewhere, difficult 
parturition calls for expert help. When it is apparent that the birth 
process is abnormal the veterinarian should be called promptly unless 
the herdsman has great skill in these problems. Most herdsmen are 
not trained for such work. 


Table 5. Reproductive Phenomena 


Species 

Age at 
puberty , 
months 

Normal 

breeding 

season 

A i* 

first 

bred 

Length 
of heat 
period 

Length 
of ges¬ 
tation 
period , 
days 

Rebred 

after 

parturition 

Horses. 

10-12 

April-July 

3 years 

5-6 days 

336 

24-30 days 
after foaling 

Cattle. 

4-8 

Any time 

15-30 

months 

3* S 

O 1 

a ° 

281 

60-90 days 

Sheep. 

4-8 

Scptcmbcr- 

Dccembcr 

18 months 

30 hours 

147-152 

Next fall 

Swine. 

3-7 

December 
and June 

9 months 

2-3 days 

112 

3-5 days after 
weaning pigs 


In the long run the routine care of the breeding herd in nonemcr- 
gency matters will be of greater value than the emergency work. In 
cattle, routine pregnancy examinations, the examination of all cows 
that have not come in heat within 90 days after calving, of cows with 
irregular heat periods, and the prompt treatment of cows that stay 
in heat continuously will result in improved breeding efficiency. 

All livestock men should be familiar with the symptoms and meth¬ 
ods of prevention and control of communicable livestock diseases. 
Tuberculosis, brucellosis, hog cholera, mastitis, hoof and mouth 
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disease, and several others are of national importance. Purebred 
breeders should be familiar with the regulations in regard to livestock 
sales, exhibitions, and interstate shipments. The livestock producer 
the local and state veterinarians, and the Bureau of Animal Industry’ 
all have a stake in the maintenance of livestock health. This is not only 
an economic necessity but a responsibility for the prevention of 
diseases of animals transmissible to man. 

SUMMARY 

There is no one system of breeding management that will ensure 
maximum fertility in all types of farm animals and in all parts of the 
world. Breeding-management practices must be scientifically sound 
but economically feasible as well. Animals should be bred at as early 
an age as possible, both to determine their genetic worth and to 
ensure maximum productivity. Animals that arc in good health and 
well grown out for their age can, if well fed during pregnancy and 
lactation, be bred earlier than is commonly believed. Recommenda¬ 
tions have been made for each class of farm animals. A detailed knowl¬ 
edge of the characteristics of the estrual cycle of the various animals is 
essential for success. Natural mating or artificial insemination should 
be carried out at a definite time with respect to heat and the expected 
time of ovulation. Cattle, sheep, swine, and horses each have certain 
breeding requirements and certain special reproductive problems. 
These have been discussed and recommendations made for each class 
of animal. 


QUESTIONS 

1. What are the factors that determine breeding practices? 

2. How can we determine that young females are being properly managed? 

3. Which requirements are greater, those of pregnancy or those of lacta¬ 
tion? 

4. Does early pregnancy affect ultimate body size? 

5. Docs age affect fertility? 

6. Describe the care of the pregnant milk cow. 

7. Describe the care of the pregnant ewe. 

8. What is the average length of heat in cattle? 

9. When does ovulation occur in cattle? 

10. Discuss breeding recommendations for cattle. 

11. Describe several ways in which cattle differ from the other farm animals 
in respect to breeding practices. 

12. What is the average length of heat in swine? 
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13. Discuss breeding recommendations for swine. 

14. When do sows come in heat after farrowing? 

15. Can heat be induced in any way? . 

16. What are some of the special breeding problems of swine. 

17. How long do ewes stay in heat? 

18. When should ewes be bred? 

19. Describe the practical breeding management of ewes. 

20. What is the average length of heat in the marc? 

21. Describe a practical horse breeding system. 

22. Discuss breeder and veterinarian relations. 



Chapter 8 


ARTIFICIAL 

INSEMINATION 


History of Artificial Insemination 
Advantages and Disadvantages of 
Artificial Insemination 
Collection and Examination of 
Semen 

Processing and Shipment of Semen 
Technique of Insemination 
Organization of Artificial 
Insemination Associations 


Few innovations in livestock improvement have been as rapidly and 
as enthusiastically accepted as the artificial insemination of dairy 
cattle. It is not, by all means, limited to dairy cattle, since there are 
situations in which it is equally valuable in sheep, swine, horses, 
poultry, fur-bearing animals and even in man. 

Artificial insemination is a simple process involving the deposition 
of the spermatozoa in the female reproductive organs by instruments 
rather than by natural service. The expression artificial breeding is 
probably used more often by farmers than the term artificial insemina¬ 
tion. Several years ago the word artificial suggested to many livestock 
owners that the process was unnatural and perhaps undesirable. 
There was a feeling that young conceived in such a way might be 
weak or otherwise abnormal and many breeders were openly skeptical. 
When it became readily apparent that the young were no different 
than those resulting from natural service the early skepticism quickly 
disappeared. When properly used, artificial insemination has no 
effect on health or normal breeding efficiency. There are rare animals 
that have abnormalities of the genitalia which prevent natural serv¬ 
ice; some of the abnormalities can be overcome by artificial insemina¬ 
tion. As a general rule, however, animals that do not conceive by 
normal service will not become pregnant merely because artificial 
insemination is used. 

HISTORY OF ARTIFICIAL INSEMINATION 

This method is not a modern invention. According to animal 
historians, an Arabian chief mated a prized mare with the stallion of 
a rival chieftain by stealthily collecting semen from the stallion’s 
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sheath and then artificially inseminating his mare in the year 1322. 
The method was used in dogs in 1780 and at the turn of the twentieth 
century was being used in farm animals in both the United States 
abroad. Between 1920 and 1940 many experiment stations made 
great progress in the solution of such problems as the collection o 
semen, storage, shipment and dilution of the semen, and in the tech¬ 
nique of insemination itself. Artificial insemination passed beyond the 
experimental stage a decade ago, but scientists are constantly improv¬ 
ing upon it and will undoubtedly make many future improvements 
The first large-scale artificial insemination association in the United 
States was established by Professor E. J. Perry, in Clinton, New 
Jersey, in 1938. Similar organizations were set up in several other 
states in 1938 and 1939, and have since spread to every region of the 
nation. The program of artificial insemination has been expanded 
from about 1,000 cows in 1938 to an estimated 4^ million dairy cattle 
in 1952. It was at first used chiefly by the owners of nonregistered 
cattle, but at present it is being used widely and satisfactorily by 
thousands of purebred breeders. 


ADVANTAGES AND DISADVANTAGES OF ARTIFICAL INSEMINATION 

Increased Use of Proved Sires. By far the most important advan¬ 
tage is the extended use of superior sires. Under natural conditions, 
even in a large herd, it is unusual for a bull to produce 50 or 60 calves 
a year. Under such a rate of service a bull might sire as many as 500 
calves during a lifetime. With artificial insemination a bull can easily 
sire 10,000 calves per year, or 100,000 in a lifetime, provided that 
most of his semen is used. About 200 years of natural service by one 
bull would be necessary to equal this performance. In the New York 
Artificial Breeders Cooperative, a Holstein bull (Clovercourt Ormsby 
Royal Blend) sired more than 17,000 calves. 

Animal breeding specialists have been constantly emphasizing the 
use of proved sires. Records are now available in the artificial insemi¬ 
nation program to prove to all that nearly every dairy farmer can 
benefit. For the United States as a whole the daughters of cows which 
were artificially inseminated have produced about 850 lb. more of 
milk and 41 lb. more of butterfat than their dams. 

Allows More Sires to Be Proved. When other factors are equal 
there is little doubt that we prefer to use definitely proved sires rather 
than promising young bulls not yet proved. The rapid acceptance of 
artificial insemination and the ever-increasing demand for proved 
sires is making it difficult to get as many of the proved bulls as we 
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would like. As in the past, many of the good bulls go to the slaughter¬ 
house before their worth is known. Other good bulls may be too old or 
otherwise unsuited for artificial insemination. 

Attention must be given to methods of proving bulls at younger 
ages. Proving a young sire by breeding all the females in a single herd 
to him is not to be recommended. If the offspring are superior indi¬ 
viduals the risk may have been justified, but all too often the results 
are disappointing. In the case of artificial insemination a sire can be 
proved by breeding one or two cows in many different herds to him. 
In this way the risk of proving a bull can be widely distributed. In 
addition, instead of proving a bull by 5 or 10 daughters we could 
expect to prove him by 50 or 100. In this way it should be possible to 
speed up the process of livestock improvement materially. 

Eliminates Need of Bull in Small Herds. The herd owner has 
many problems in the selection of a sire. In general he cannot afford to 
purchase a bull of the quality available to him through artificial 
insemination. There is the additional problem of housing a bull with 
safety to the farm family. In recent years it has been cheaper and 
safer, and far superior from the breeding standpoint, for the owner of 
a small herd to rely entirely on artificial insemination. 

Lessens Disease. Bulls selected for use in artificial insemination 
centers are given the most thorough examination that breeding 
specialists know how to make. The fertility of the bull and his freedom 
from such genital diseases as brucellosis and trichomoniasis arc care¬ 
fully investigated. This should do much to halt the spread of genital 
diseases by the male. Constant attention to details is essential, for 
carelessness could result in the rapid spread of disease. 

When healthy bulls are used there is little difference in breeding 
efficiency between natural service and artificial insemination. During 
the first few months of operation fertility may be a problem in newly 
established insemination associations. This appears to be due to inex¬ 
perience on the parts of both owner and inseminator. Artificial insemi¬ 
nation usually results in more careful observation of the cows by the 
owner, better record keeping, the earlier detection of genital abnor¬ 
malities, and in the long run, improved breeding efficiency. 

Other Advantages. There are many individual situations in which 
artificial breeding has merit. It allows the mating of large bulls with 
small heifers without danger. On poultry farms it may facilitate 
pedigree breeding. It is used in the experimental production of new 
hybrids. It should result in the development of animals of more 
uniform type and performance and thus may attract buyers to a 
community. 



ARTIFICIAL INSEMINATION 97 

Dairy specialists, county agents, and wcational teachers have 
found that artificial insemination has increased mte 
management as well as better breeding practices. There is little 

incentive in raising the calves of a scrub bull or in bett ^ fe e dmg 
caring for nondescript cows. With the advent of artificial breeding 
S has been a new interest in raising herd replacements and 
increased attention to the care of pregnant and lactating cows^ 
these advantages justify the statement that artificial 5 , 

the most effective tool for livestock improvement which has emerge 

in the twentieth century. . 

Disadvantages. There are no disadvantages of artificial insemi¬ 
nation that cannot be overcome if we carry out the process by ap¬ 
proved methods. When artificial breeding was first introduced there 
were many incorrect ideas as to what could be accomplished. Some 
dairymen believed that it would correct all breeding difficulties; some 
thought that it would make it possible to breed cows at any time 
whether or not they were in heat. Some dairymen who adopted 
artificial insemination in the early 1940’s were dissatisfied for one 
reason or another and dropped out of the program. On the whole the 
great majority of dairy farmers have been well satisfied with the 
results as the remarkable and continuing spread of artificial breeding 

testifies. . 

Artificial insemination will not overcome sterility nor will it result 

in higher fertility than when normal healthy cows arc bred to fertile 
bulls by natural service. Carelessness in the handling of semen and in 
the insemination of the cow, and failure to follow sanitary practices 
cannot and should not be tolerated in a well-managed breeding 


association. 

As previously mentioned the conception rate in a newly established 
association may be lower than desirable for a month or two. In the 
past this has been due to inexperience of both the inseminator and the 
owner. There is no substitute for practical experience in mastering 
the art of insemination. In our experience the average technician 
needs experience with about 200 cows before he becomes highly 
skilled. When new associations were being established at a rapid rate 
it was difficult to secure experienced technicians. As a result many 
men who had received the basic training by attending a short course 
in artificial breeding were immediately employed as technicians by 
new associations. At the present time most new inseminators gain 
further experience by assisting an established technician before taking 
on the full responsibility of an entire association. 

The herd owner also needs a thorough understanding of the prob- 
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lems and methods of insemination. The careful observation of cows 
for heat, prompt reporting of cows in heat to the inseminator the 
keeping of exact records of calving time, first heat after calving and all 
subsequent heat and breeding records are of great importance. 

borne of the disadvantages of artificial insemination that seemed 
important 10 years ago have not materialized. As far as is known dis¬ 
honest operators have not misrepresented semen by substituting that 
of poor bulls for good ones. There have been no widespread outbreaks 
of disease because of carelessness. The demand for good sires has been 
increased rather than decreased as some breeders feared. Some of the 
early associations failed, but the causes of failure were most frequently 
poor judgment by the operators rather than shortcomings of the 
artificial insemination process. 

COLLECTION AND EXAMINATION OF SEMEN 

The chief problems, which had to be overcome before artificial 
insemination could be adopted on a practical basis, involved methods 
for collecting and processing the semen. Semen had been experi¬ 
mentally collected by many different methods such as recovery from 
the vagina following service, by massage of the vasa deferentia through 
the rectal wall, or by inducing ejaculation through electrical stimula¬ 
tion. All these methods had practical limitations. A satisfactory 
method must be easy to use and must permit the collection of semen 
free from contamination with dirt, bacteria, or other organisms, and 
free from dilution with the secretions from the female genital organs. 

The Artificial Vagina. The principle and construction of the 
artificial vagina is surprisingly simple. It is made up of an outer tube 
or casing of heavy rubber and an inner tube or lining of thin rubber. 
The space between the two tubes is filled with warm water or air, or 
both. One end of the instrument is open to permit the entrance of the 
penis. On the other end a tube to catch the semen is attached by a 
rubber cone as shown in Fig. 29. The equipment should be clean, dry, 
and sterile before use. 

Males will not ejaculate into the artificial vagina unless all condi¬ 
tions are satisfactory. The apparatus must be warm. This is accom¬ 
plished by introducing water at a temperature of about 110°F. into 
the water jacket between the outer casing and the inner tube. The 
correct pressure depends upon the size of the penis. Pressure is usually 
regulated by blowing air into the water casing, the amount of air 
depending on the individual bull. A small amount of a special lubri¬ 
cant is placed at the end of the apparatus which the penis will enter. 
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Vigorous males will usually work satisfactor.ly without a ttammg 
period. Some males require a definite trainmg routine before they 
will perform satisfactorily. Males usually respond best when they a 
allowed to mount a female in heat. As the male mounts the sheath 
grasped and the penis quickly guided into the art ‘ ficial ^ ag ' • d 

proper temperature, pressure, and lubrication have bee 
ejaculation occurs instantaneously in bulls and rams. In cas 
stallion and boar ejaculation may require several minutes for co - 
pletion. Males may be trained to mount quiet females not in uca 
other males, or an apparatus called a dummy which is shown in 
Fig. 30. 



FIGURE 29. Artificial vagina for ihc collection of bull semen: 1, outer rubber jacket; 
2, entrance for penis; 3, warm water; 4, heavy rubber band; 5, water inlet; 6, rubber 
cone; 7, graduated test tube. 


Estimations of Semen Quality. The success of artificial insemina¬ 
tion depends to a large extent upon the quality of the semen which is 
used. It is desirable that the male produce a large volume of semen 
containing great numbers of vigorous sperm. It is likewise necessary 
that the sperm have the ability to live and remain fertile for periods of 
several days. It would be of great assistance if there were one simple 
laboratory test which would indicate the exact degree of fertility of 
the male. Unfortunately there is no reliable single test and we must 
rely upon a combination of tests. Even so, the final measure of success 
is the conception rate. When a new bull is introduced into a stud, final 
judgment is withheld until his ability to settle cows is determined. 

Semen volume can be measured in a specially graduated tube attached 
to the artificial vagina. The bull ordinarily produces 3 to 6 cc. of 
semen per ejaculate, about a teaspoonful. The ram produces 0.8 cc., 
the rooster 0.6 cc., the stallion 100 cc., and the boar 200 cc. A high 
semen volume does not ensure high fertility; some completely sterile 
males produce a large volume of semen that contains no sperm what¬ 
soever. In artificial insemination it is desirable that a male produce 
both a large number of sperm and a large semen volume. 

The number of spermatozoa per unit volume of the semen varies with 
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individual males and between different types of animals. Bull and 
ram semen contains between 800 million and 1 billion sperm per cubic 
centimeter and boar and stallion semen from 60 to 100 million per 
cubic centimeter. The number of sperm can be determined by placing 
a measured amount of semen in a special counting device such as is 
used for counting blood cell numbers in the human. In bull studs the 
number of sperm can be estimated with a fairly high degree of accu¬ 
racy with a device called a comparator. This determination is based on 


FIGURE 30. Bulls can be trained to mount a simply constructed dummy. 

the thickness, or density, of the semen; for example, a thin, watery 
sample will contain very few sperm and a thick creamy ejaculate will 
ordinarily contain large numbers of sperm. It is possible to estimate 
sperm numbers very accurately by means of a device called a photo¬ 
electric colorimeter. The principle is similar to that of the comparator, 
but the density is measured by a photoelectric cell rather than by the 
eye. 

The estimation of the motility of the spermatozoa by microscopic 
examination is one of the oldest and one of the best means of estimat¬ 
ing semen quality. In fact, Leeuwenhoek, the inventor of the micro¬ 
scope, and a Dutch doctor named Ham described the microscopic 
appearance of sperm in 1677. The fact that sperm have the ability 
to move does not guarantee that they have the ability to fertilize ova. 
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On the other hand we feel reasonably certain that sperm which do not 
have the ability to move cannot bring about fertilization. 

From a practical standpoint we are interested in the degree of 
motility which sperm exhibit at the time of ejaculation and the length 
of time during which motility persists in properly stored semen sam¬ 
ples. The first of these is called initial motility. It is measured by placing 
a drop of fresh semen on a glass slide immediately after the semen is 
collected. Temperature has a great effect on sperm movement. It is 
necessary that the procedure be carried out in a room at about 70°F. 
or that use be made of an electric device called a slide warmer. There 
are minor differences in technique between laboratories, but the fol¬ 
lowing description will suffice for our purposes. Rapid or progressive 
motility means that the sperm swim or dart rapidly as they are seen 
through the microscope. In place , or undulatory motility , means that the 
sperm are either swimming sluggishly or move their tails without 
making much forward movement. Most technicians score semen on a 
numerical basis of 0 to 5 in which: 

5 = 80-100 per cent of the sperm show progressive motility and the entire 
semen drop exhibits a swirling motion. 

4 => 60-80 per cent progressive motility, swirling motion indefinite or 
absent. 

3 S3 40-60 per cent progressive motility, movement confined to individual 
sperm and no swirling of drop. 

2 «= 20-40 per cent of sperm showing undulatory movement. 

1 — 1-20 per cent of sperm exhibiting undulatory movement. 

0 — No motility. 

Semen which has been diluted with cgg-yolk diluter is difficult to 
study microscopically. Since this is the type of semen with which the 
inseminator and the dairyman are usually dealing, a word or two 
about it is appropriate. Egg yolk contains large numbers of fat 
globules, or droplets, which appear as round objects beneath the 
microscope. Semen is usually diluted in a ratio of 1 part of semen to 
80 to 100 parts of diluter and the number of sperm that can be seen 
at any one time through the microscope is rather small. In examining 
such semen the emphasis is placed on the individual sperm rather 
than the swirling motion of the undiluted semen drop. When 80 to 
100 per cent of the sperm in a diluted sample exhibit rapid darting 
action and cause the yolk globules to be agitated, the sample is scored 
5 and the other classifications are relatively lower. 

There are several factors that adversely affect motility and which 
must be guarded against in estimating semen quality. The estimation 
must be made within a few seconds after the semen drop is placed on 
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the slide. Otherwise the exposure to air and the drying of the semen 
may cause motility to be reduced or to cease altogether. Cool or dirty 
slides or those which are damp with water or alcohol may adversely 
affect sperm movement. 

We cannot say for certain that a sample scoring 1 will never produce 
fertility. We can say that the higher the degree of motility the better 
are the chances of conception. 

There is a close relationship between semen quality and the ability 
of sperm to maintain their motility for long periods of time when 
properly stored. If the semen is properly handled and stored at 
about 40°F., motile sperm are commonly present for about two weeks 
or more. As mentioned earlier, fertility does not persist so long as 
motility, but occasional samples of bull semen have produced fertiliza¬ 
tion after storage for 10 days. In insemination associations most semen 
is used within two to four days following collection. 

Various chemical tests have been devised, but most of these are 
limited to experimental use. These techniques are based upon such 
factors as oxygen consumption, carbon dioxide production, utilization 
of sugars, and the change in the color of dyes such as methylene blue. 
The sperm can also be stained with various kinds of dyes. Not all 
sperm are the same. Some arc of abnormal shape and have malformed 
heads or tails. Sperm that are dead stain differently from those which 
are alive. It is hoped that better methods of sperm evaluation can 
eventually be developed for the quick and accurate estimation of 
fertility. Until such time, however, we must continue to study actual 
conception records as the final check on reproductive performance. 

PROCESSING AND SHIPMENT OF SEMEN 

Cooling Semen. Semen is a highly perishable product like milk. 
In order to preserve the fertilizing qualities semen should be cooled 
from body temperature (100°F.) to 40°F. at the rate of about 1°F. per 
minute. Too rapid cooling is harmful to sperm and may cause them to 
lose their motility permanently. This is called temperature shock. In bull 
studs processing semen for shipment, the semen is usually mixed with 
a dilutcr when both semen and diluter are at a temperature of about 
80°F. The diluted semen is then cooled slowly to a storage and ship¬ 
ping temperature of 40°F. 

Semen Diluters. Many natural and artificial substances have been 
used for semen dilution. Among them are physiological saline solu¬ 
tions to which have been added glucose and other sugars, amino acids, 
proteins, fats, vitamins, hormones, and antibiotics. Nearly all the body 
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fluids such as blood plasma and serum, spinal fluid, milk, secretions 
from the reproductive glands, and the liquid portion of the semen 
itself have been tried. Most of these have left much to be desired from 

a practical standpoint. TT • 

In 1940, Phillips and Lardy, research workers at the University oi 
Wisconsin,’ developed a simple and satisfactory diluter that greatly 
facilitates the practical use of artificial insemination. The original 
Hiluter contained 0.2 grams of potassium phosphate (KH 2 PO 4 ) and 
2 0 grams of sodium phosphate (NaHP0 4 12H 2 0) mixed in 100 cc. of 
sterile distilled water. This material was mixed with equal quantities 
of ct r g yolk from which the white had been separated. 

Several other excellent diluters have been developed and are now 
available. One of these was developed at Cornell University by Salis¬ 
bury and his coworkers and consists of sodium citrate and egg yolk. 
In addition several commercially prepared diluters or extenders arc 

^Most diluters now contain antibiotics such as sulfanilamide, 
penicillin, streptomycin, or others. In addition the semen is usually 
colored with harmless dyes to assist in identification by breeds. 

Dilution Rate. When artificial insemination was first used no 
attempt was made to dilute the semen. When the potentialities of 
artificial insemination for the improvement of livestock were realized 
it became desirable to extend the semen to as many females as possible 
without lowered fertility. Prior to 1940 the semen was cautiously 
diluted at a ratio of 1 :4. By 1945 it had been clearly demonstrated 
that dilution ratios of 1 :10 to 1:16 were feasible. Since that time, due 
to various improvements in processing and handling semen, dilution 
ratios of 1 :80 to 1:100 have become commonplace, and in the case 
of highly fertile bulls, ratios of 1:400 have not lowered conception 


rate. . 

It is impossible to predict the ultimate ratio of dilution. 1 heoreti- 
cally only one sperm is necessary for fertilization. Since great quanti¬ 
ties of sperm apparently never get within fertilizing distance of the 
ovum, we continue to introduce sperm in apparently overwhelming 
numbers. Experiments with laboratory animals may point the way. 
In 1927 it was thought that 1 million sperm were necessary for maxi¬ 
mum fertility in the rabbit. The necessary number was reported as 
420,000 in 1946 and had been reduced to 90,000 in 1948. In cattle we 
continue to use from 5 to 10 million sperm per insemination. 

Storage and Shipment of Semen. In artificial insemination prac¬ 
tice, semen is usually shipped to the various insemination associations 
very shortly after its collection and processing. The problems involved 
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are chiefly the maintenance of satisfactory conditions during shipment 
and during the time when the inseminator is carrying the semen from 
farm to farm. 

In most areas semen can be shipped from bull stud to inseminator 
within 12 hours. The equipment required to refrigerate semen during 
this time is surprisingly simple. Ordinary tin cans about 2.5 by 4 in., 
filled to within an inch of the top with water, are sealed and frozen 
until solid. One or two cans of ice, depending on weather and distance, 
are then wrapped with two layers of heavy paper. Vials containing the 
semen are placed against the wrapped cans and firmly wrapped with 
several layers of paper. Insulation is provided by placing the cans and 
semen vials in one or two insulated bags such as are used for carrying 
ice cream or frozen foods. These in turn are placed in a heavy card¬ 
board shipping box. By this simple method the temperature of the 
semen can be kept at about 40°F. for 12 hours or more even during 
the hottest weather. 

All types of transportation are utilized—air, rail, bus, truck, auto, 
and even the horse when weather conditions necessitate. 

The local inseminator should examine the semen at least once each 
day before he starts on his rounds. There is no excuse for inseminating 
cows with nonmotile semen. Occasionally a semen sample two or 
three days old may be superior to one just received. Inscminators and 
farmers soon recognize that the semen of some bulls is more reliable 
than others. Some owners may wish to breed a cow to a particular 
bull, providing the inseminator has a sample of semen which is still 
of good quality. Thus a farmer may have a choice of two or three 
bulls. 

Semen is kept in an ordinary household refrigerator in the insemi- 
nator’s laboratory. For field use he usually carries it in individual 
thermos bottles which are, in turn, carried in a portable ice refrig¬ 
erator. To ensure maximum fertility, semen must be kept uniformly 
cool. High temperatures quickly exhaust the sperm, as does constant 
warming and cooling during transport. 

Most bull semen is used within two to four days following collection. 
Ram semen should be used within two days, and stallion, boar, and 
chicken semen on the day of collection. 

TECHNIQUE OF INSEMINATION 

The same general principles of insemination apply to all farm 
animals; the process will therefore be described in detail for cattle. 

Prior to 1940, emphasis was placed upon the location of the cervix 
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following the introduction of a speculum into the vagina. B V su ^ h a 
orocedure the operator could see what he was doing, but at best, ne 
could introduce the inseminating tube only a short distance into the 
cervix. It was found that by grasping the cervix through the rectal 
wall and then introducing the inseminating tube into the vagina with¬ 
out the use of a speculum, that the tube could be easily threaded 
through the cervix. Most inseminators now utilize the rectal method ol 
immobilizing the cervix. 



FIGURE 31. The mosi common tech¬ 
nique of inseminating the cow. The 
cervix is grasped per rectum, and the 
inseminating tube is carefully worked 
into and through the cervical canal. 



FIGURE 32. Relationship between time 
of insemination and breeding efficiency 
in dairy cattle. ( Adapted from the data of 
Trimberger and Davis , Nebraska Agri¬ 
cultural Extu-riment Station Research Bulletin 
129, 1943) 


The following step-by-step routine is recommended: (1) Put on a 
clean pair of coveralls, boots, rubber sleeve, and glove; (2) identify 
the cow to be inseminated; (3) place equipment case and a pail of 
warm water within reach of cow; (4) fill inseminating tube with 1 cc. 
of desired semen and place it on special hooks on inside lid of insemi¬ 
nating kit within easy reach; (5) lubricate left hand covered by rubber 
sleeve and glove; (6) enter rectum and carefully remove feces; (7) 
wipe manure from rectal opening and around vulva with fresh paper 
towels or cotton; (8) wipe between lips of vulva with fresh cotton; (9) 
grasp cervix firmly through rectum with left hand as shown in dia¬ 
gram; (10) insert inseminating tube into vagina and approach cervical 
opening; (11) introduce tube into cervical canal; (12) work cervix 
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back and forth, gently threading tube past cervical folds; (13) when 
the inseminating tube has passed through the cervix expel semen from 
tube with a syringe or rubber bulb. 

The inseminator must have a thorough knowledge of the anatomy 
of the cow. He must be able to feel his way. Carelessness, or failure to 
halt operations quickly if the cow struggles may result in perforation 
of the vagina, cervix, or uterus. Fortunately such accidents are rare. 
Since cows sometimes come in heat during pregnancy the inseminator 
occasionally finds himself in the process of inseminating an already 
pregnant cow. Since the penetration of the cervix of a pregnant cow 
is apt to rupture the fetal membranes and cause abortion, the insemi¬ 
nator must exercise good judgment. If the cervix is dry and tightly 
closed and cannot readily be penetrated the technician should stop 
and survey the situation. The wrong cow may have been kept in the 
barn, the cow may have shown false heat, or the animal may already 
be pregnant. 


The inseminator is not trained to diagnose and treat reproductive 
disorders. He should be able to detect anatomical defects, injuries, or 
serious infection. In such cases the owner should be immediately 
informed. 


The mare is very easily inseminated. She should be hobbled for the 
safety of the inseminator. Her tail should be wrapped with a clean 
cotton bandage and the vulva cleaned with a piece of clean damp 
cotton. A rubber glove should be used and a rubber sleeve is desirable. 
Fresh undiluted semen is poured into J^-oz. gelatin capsules which in 
turn should be quickly inserted just through the cervix with the fingers 
of the gloved hand. Twenty cubic centimeters of semen is sufficient 
for young mares and 30 to 40 cc. for older marcs. Mares should be 
inseminated more than once during heat if good results are to be 
obtained. 

Sows can be inseminated by passing a heavy rubber catheter 
through the cervix and introducing 20 to 50 cc. of fresh semen with a 
syringe. Unfortunately swine have been somewhat neglected as far 
as artificial insemination is concerned and more information will be 
necessary before the method can have practical application. 

The equipment for the collection of semen and the insemination of 
sheep is very similar to that of cattle, but of smaller size. A small 
speculum is used to bring the cervix of the ewe into view and 0.1 to 
0.2 cc. of semen is deposited in the cervical canal. 

Artificial insemination can be easily carried out in both chickens 
and turkeys. These animals differ from the other farm animals in that 
eggs are laid daily. It is necessary to carry out insemination only at 
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weekly intervals. Some fertile eggs continue 
even four weeks after a single insemination. 


to be laid for three or 


ORGANIZATION OF ARTIFICIAL INSEMINATION ASSOCIATIONS 

trained in this field and we recommend that they be consulted in 
rceard to the establishment of new artificial breeding units. 

Artificial insemination is being used by three general groups in the 
United States: the purebred breeder, the local association that owns 
its own bulls, and the central bull stud which supplies semen to local 
insemination units. The purebred breeder has carried on this method 
of breeding on a private basis for many years. It has been used to 
extend the services of outstanding sires within herds and between 
widely separated herds and for the control of certain genital diseases. 
The fees for this service are naturally much higher than in farmer- 
owned organizations. It is likely that purebred breeders will employ 
artificial insemination more frequently in the next few years. 

During the period from 1938 to 1942 many self-sufficient local 
associations were organized. These usually served an area with a 
radius of 20 miles and depended on one or two bulls. It soon became 
evident that it was uneconomical to procure and manage as many 
bulls as would be necessary to serve several breeds of cattle in a small 
area. Improvements in methods of processing semen overcame the 
early advantage of securing the semen near the cows which were 


to be bred. 

The present trend in organization is toward the central breeding 
unit in which sufficient bulls to serve a large area, a state, or a group 
of states are maintained in a centrally located stud. Well-equipped 
laboratories and technicians especially trained in the care of bulls 
and the processing of semen are available in a central bull stud. In 
this way the semen is produced in a central place and is shipped to 
many local units that are concerned only with the insemination of 
cows. 


There are several types of bull studs. Some are privately owned and 
sell semen to local farmer-operated artificial breeding associations. 
Some studs are state-owned and operated, and others are cooperative 
in nature. 

Future of Artificial Insemination. It has been clearly shown that 
artificial insemination works very satisfactorily with the methods 
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available at present. It seems very likely, however, that the next 
decade will produce as much improvement as the past. 

The proving and selection of sires for artificial breeding will con¬ 
tinue to be a major problem. Good males have always been scarce and 
increasing competition for the good ones makes it necessary to search 
constantly for promising young sires. We need better and faster meth¬ 
ods of proving sires and it is believed that artificial insemination 
itself will help accomplish this goal. 

The rapid spread of artificial breeding has resulted in shortages of 
good technicians. In many cases complete responsibility for an associa¬ 
tion has been taken over by technicians with no experience other than 
a 10-day short course on the subject. This problem is now being over¬ 
come and we should be able to correct the low rate of conception that 
usually occurs in new associations. 

One of the major unsolved problems of livestock breeding is lowered 
fertility. This is not restricted to artificial breeding associations but is 
a problem of the entire industry. Research in progress is gradually 
solving the many problems related to breeding efficiency and fertility. 

The production of genetically superior offspring is of no value 
unless the young are managed in a way that will allow them maximum 
opportunity to develop and perform. As mentioned earlier, interest in 
artificial insemination has been followed by the adoption of improved 
livestock- and farm-management practices. This trend is likely to 
continue. 

It has long been possible to preserve many foods by rapid freezing 
and storage at sub-zero temperatures. It has also been possible to 
maintain certain microorganisms, especially viruses, in a living con¬ 
dition for long periods of time when they are frozen at low tempera¬ 
tures. During the past decade numerous attempts have been made to 
preserve sperm by freezing. The earliest attempts were successful to 
the point that the motility of sperm could be maintained but that the 
fertility of the sperm was lost. In 1952 it was reported by British 
scientists that bull sperm had been frozen and that satisfactory 
fertility was obtained when the sperm were subsequently used for 
artificial insemination. Attempts to put these results in practice are 
being made both in the United States and abroad. It is too early to 
predict the future applications of frozen sperm, but it is entirely 
possible that it may provide an opportunity to use individual sires far 
more widely than at present and to make possible the use of sperm 
long after the sire which produced them is dead. 

Much publicity has been given to the possibilities of egg transfer. 
In brief this involves the collection of fertilized eggs from the female 
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and their transfer to other females which would serve essentially as 
“incubator” animals. Experimental methods for causing females to 
develop a great number of eggs at one time have been developed. 
If a valuable purebred cow could be consistently made to produce 20 
eggs at a single heat period, if these eggs could be placed in other 
cows for development, it might be possible to secure 20. 40, 100, or 



FIGURE 32. Twin fetuses recovered 46 days after the transfer of fertilized sheep 
ova to a second ewe. {Courtesy of Drs. Casida, Warwick, and Murphree, University of 
Wisconsin, February, 1942) 


more calves in the lifetime of the cow. This is theoretically possible, but 
it remains to be demonstrated that it can be accomplished on a 
practical basis. The method has been carried out in laboratory animals 
since 1880. It has been accomplished with sheep at the University of 
Wisconsin and at Texas A & M College, and in 1950 was accom¬ 
plished in cattle by the American Foundation for the Study of Genetics 
at Madison, Wisconsin. Whether or not this technique will develop 
successfully, as has artificial insemination, remains to be seen. 


no 
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SUMMARY 

Artificial insemination is the deposition of spermatozoa in the female 
reproductive tract by instruments, rather than by natural service. Its 
use has spread from about 1,000 cows in 1938 to approximately 4J^ 
million in 1952. This technique of breeding is the most useful method 
thus far developed for extending the services of outstanding sires at a 
cost which even the smallest herd owner can afford. The artificial 
insemination program has not been entirely without difficulty. Some 
of the early associations failed, and some herd owners have been dis¬ 
satisfied. Most of the failures could have been prevented had the 
process been carried out as well as is possible now. There appear to be 
no disadvantages to artificial breeding that cannot be overcome by 
the application of knowledge at present available. Since new knowl¬ 
edge is constantly being added, it is safe to say that artificial breeding 
will become even more popular and more successful than it is at 
present. 


QUESTIONS 

1. Define artificial insemination. 

2. When was artificial insemination first used? 

3. When and where was the first large-scale artificial insemination associa¬ 
tion established in the United States? 

4. Discuss the most important advantage of artificial insemination. 

5. List the other advantages. 

6 . Discuss the disadvantages of artificial breeding. 

7. What is the most common method of collecting semen? 

8 . What arc the advantages of this method? 

9. List the most common laboratory tests of semen quality. 

10. What is the final test of semen quality? 

11. Discuss the cooling of semen for storage or shipment. 

12. List the substances commonly used in semen diluters. 

13. What is the usual rate of semen dilution? 

14. How is the semen cooled during shipment? 

15. At what temperature is semen kept during storage? 

16. List the various steps in the insemination of a cow. 

17. Classify the types of artificial insemination associations. 

18. Discuss the future of artificial insemination. 



Chapter 9 


PREGNANCY 

AND BIRTH 


Pregnancy Diagnosis 
Place of Parturition 
Sanitation at Parturition 
The Process of Parturition 
Assistance at Parturition 
Care of the Offspring and Dam 
Development of the Udder and 
Milk Secretion 


From a purely technical standpoint, pregnancy is begun when the male 
and female germ cells unite in the upper portion of the oviducts. 
From a practical standpoint, the establishment of pregnancy has little 
value unless the fetus develops normally, is successfully delivered at 
birth, and is properly nourished following birth. As previously 
stressed, the burdens placed on the female are many. During preg¬ 
nancy the uterus must increase in size to accommodate the growing 
fetus. The uterine muscles must be strong enough to expel the fetus at 
term, but they must not contract too early, thus bringing about an 
abortion. The lining of the uterus must modify itself and assist in the 
formation of the placenta and fetal membranes; this is necessary for 
the proper nourishment of the developing young. In all milk-produc¬ 
ing animals the mammary glands undergo final development during 
pregnancy and milk secretion follows parturition. 

PREGNANCY DIAGNOSIS 

The successful livestock breeder must know whether and when 
pregnancy has begun in the various females in his herds and flocks. 
Each year thousands of valuable breeding animals are sold for slaugh¬ 
ter on the mistaken assumption that they are not pregnant and cannot 
become so. Wc cannot emphasize too much the desirability of keeping 
accurate records of time of heat periods, time of breeding or artificial 
insemination, and expected time of parturition. 

For the average breeder the failure of females to return in heat after 
service is a fairly reliable indication that pregnancy has begun. If the 
breeding date is accurately recorded, if the animals are carefully 

ill 
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observed at the time of the next expected heat period and again at the 
time of the second expected period, the absence of heat is a fairly good 
sign of pregnancy. In too many instances, however, animals do return 
in heat following service, heat is not detected by the owner, and it is 


FIGURE 34. Fetal calf within its membranes. (From L'.S. Department of Agriculture , 


“Diseases of Cattle") 


incorrectly assumed that the animals are pregnant. Unfortunately 
some animals come in heat once or even many times during preg¬ 
nancy. They are sometimes bred repeatedly until the owner suddenly 
becomes aware that they are obviously increasing in size and are 
definitely pregnant. In other cases, the heat periods sometimes fail to 
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reoccur for long periods of time in females which have not ev^ been 
bred. This is due to disturbed function of the ovaries, oftcntim 
corpus luteum persists and prevents the animal from producing ne 
ova and from coming in heat. 

In sheep and swine the only practical method by which the farmer 
can diagnose pregnancy is by the cessation of the heat Periods. An 
occasional animal will fail to respond normally, but this method wi 

not be far wrong. t , 

In cattle and horses the uterus can be palpated through the rec ' ur £ 
and an experienced person can diagnose pregnancy with a hig 
degree of accuracy by the second or third month of gestation. Many 
cattle breeders employ a veterinarian to make regular examinations 
of all breeding animals. Breeding efficiency is improved by the early 
recognition of animals with abnormal heat periods or other dis¬ 
turbances of the reproductive organs. Such examinations have saved 
many a pregnant cow from intended slaughter because her owner 
thought her to be barren. 


PLACE OF PARTURITION 

Livestock producers are sometimes torn between the desire to 
duplicate the elaborate facilities of the hospital delivery room and the 
knowledge of the birth process as it has occurred in nature for thou¬ 
sands of years. If weather conditions are favorable and no known com¬ 
plications are anticipated, by far the best place for cows and mares to 
bear their young is in a clean, nutritious pasture. So that we may 
understand each other on this point, a crowded, barren, and heavily 
manured exercise lot adjacent to the barn is not considered a clean 
pasture. A heavily timbered pasture with considerable underbrush 
is equally undesirable because of the difficulty of finding the dam and 
young and the possibilities of their becoming injured. Under range 
conditions both cows and mares are expected to undergo parturition 
away from the ranch buildings. The chief disadvantages of pasture 
birth are uncertainties of the weather and the danger of the owner’s 
being unavailable if assistance is needed. 

Sows and ewes should be closely watched during parturition. Since 
both of these species have their young during the early spring, definite 
farrowing or lambing pens should be available. 

Numerous surveys on corn-belt farms have shown that from 20 to 
30 per cent of all pigs farrowed are dead or die within a few days after 
birth. Some of these losses are the result of poor feeding of the sows 
during pregnancy. In some cases death is due to inherited weaknesses 



114 MECHANISMS OF REPRODUCTION 

or to disease, and in some instances it is the result of chilling or injury 
to the newborn pigs. 

The management problems of farrowing can be successfully 
handled in many different ways. The typical pen in a central farrowing 
house has guard rails about 8 in. from the wall and 8 in. from the 
floor to prevent the sow from crushing the pigs against the wall. 
Sufficient litter should be provided to overcome the effects of cold, 
damp floors, but not so much litter that the pigs become entangled in 
it. Heat is usually provided by electric heat lamps suspended above 
the sow or in hovers in one corner of the pen, or combinations of the 
two. Some swine producers prefer individual hog houses and in recent 
years the farrowing crate has become popular in some areas. The 
principle of the farrowing crate is to restrain the activity of the sow by 
confining her in a relatively narrow space and to allow the pigs to 
have the freedom and safety of adjacent areas beyond the reach of her 
feet. 

Permanent or temporary lambing pens can be constructed with 
wooden panels or hurdles in a barn or shed, or in a tent, as is common 
in the Mountain states. The ewe and her lamb arc confined in such a 
pen for two or three days until it is certain that the lamb is being 
suckled and is doing well. They can then be allowed to run with other 
ewes and lambs. 

Separate maternity stalls should be available for cows and marcs 
when conditions warrant. A maternity stall should not be a catch-all 
serving as an extra bull or calf pen or a place for sick animals. It 
should preferably be at one end of the barn where animal and human 
traffic is at a minimum. It should be large enough so that the dam can 
lie down easily and should be lighted in case of night emergencies. 
Under no circumstances should parturition take place in a stanchion. 

SANITATION AT PARTURITION 

Maternity stalls should be well-drained in order that they can be 
thoroughly disinfected. Numerous commercial disinfectants are avail¬ 
able and most of these, when used according to directions, are satis¬ 
factory. When in doubt as to a suitable disinfectant consult your 
county agent, vocational teacher, or veterinarian. In order that dis¬ 
infection may be effective, it is necessary to remove all bedding and to 
scrape all dried manure from the surface of the pen. A strong lye solu¬ 
tion in hot water is a very effective cleansing agent. Care must be 
taken when using lye that neither humans or animals are burned by it. 
When all dirt and debris has been removed from the stall, a disin- 
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Table 6. Gestation Table 


Date bred 

Mare, 

336 days 

Cow. 

281 days 

Sow, 

114 days 

Ewe. 

147 days 

Jan. 

1 

Dec. 

3 

Oct. 0 

Apr. 25 

May 28 

Jan. 

6 

Dec. 

8 

Oct. 14 

Apr. 30 

June 2 

Jan. 

11 

Dec. 

13 

Oct. 10 

May 5 

June 7 

Jan. 

16 

Dec. 

18 

Oct. 24 

May 10 

June 12 

Jan. 

21 

Dec. 

23 

Oct. 29 

May 15 

June 17 

Jan. 

26 

Dec. 

28 

Nov. 3 

May 20 

Juno 22 

Jan. 

31 

Jan. 

2 

Nov. 8 

May 25 

June 27 

Feb. 

5 

Jan. 

7 

Nov. 13 

May 30 

W 2 

Feb. 

10 

Jan. 

12 

Nov. 18 

June 4 

July 7 

Feb. 

15 

Jan. 

17 

Nov. 23 

June 9 

July 12 

Feb. 

20 

Jan. 

22 

Nov. 28 

June 14 

July 17 

Feb. 

25 

Jan. 

27 

Dec. 3 

June 19 

July 23 

Mar. 

2 

Feb. 

1 

Dec. 8 

June 24 

July 27 

Mar. 

7 

Feb. 

6 

Dec. 13 

June 29 

Aug. 1 

Mur. 

12 

Feb. 

11 

Dec. 18 

July 4 

Aug. 6 

Mar. 

17 

Feb. 

16 

Dec. 23 

July 9 

Aug. 11 

Mar. 

22 

Fob. 

21 

Deo. 28 

July 14 

Aug. 16 

Mar. 

27 

Feb. 

26 

Jan. 2 

July 10 

aur. 2 ,i 

Apr. 

1 

Mar. 

3 

Jan. 7 

July 24 

Aug. 26 

Apr. 

6 

Mar. 

8 

Jan. 12 

July 29 

Aur. 31 

Apr. 

11 

Mar. 

13 

Jan. 17 

Aug. 3 

Sept- 5 

Apr. 

16 

Mar. 

18 

Jan. 22 

Aur. 8 

Sept. 10 

Apr. 

21 

Mar. 

23 

Jan. 27 

Aug. 13 

Sept. 15 

Apr. 

26 

Mar. 

28 

Feb. 1 

Aug. 17 

Sept. 20 

May 

1 

Apr. 

2 

Feb. 6 

Aug. 23 

Sept. 25 

May 

6 

Apr. 

7 

Feb. 11 

Aur. 28 

Sept. 30 

May 

11 

Apr. 

12 

Feb. 16 

Sept. 2 

Oct. 5 

May 

16 

Apr. 

17 

Feb. 21 

Sept. 7 

Oct. 10 

May 

21 

Apr. 

22 

Feb. 26 

Sept. 12 

Oct. 15 

May 

26 

Apr. 

27 

Mar. 3 

Sept. 17 

Oct. 20 

Muy 

31 

May 

2 

Mar. 8 

8ept. 22 

Oct. 25 

June 

5 

May 

7 

Mar. 13 

Sept. 27 

Oct. 30 

Juno 

10 

May 

12 

Mar. 18 

Oct. 2 

Nov. 4 

Juno 

15 

May 

17 

Mar. 23 

Oct. 7 

Nov. 9 

Juno 

20 

May 

22 

Mar. 28 

Oct. 12 

Nov. 14 

Juno 

25 

May 

27 

Apr. 2 

Oct. 17 

Nov. 10 

Juno 

30 

June 

1 

Apr. 7 

Oct. 22 

Nov. 24 

July 

6 

Juno 

6 

Apr. 12 

Oct. 27 

Nov. 29 

July 

10 

June 

11 

Apr. 17 

Nov. 1 

Dec. 4 

July 

15 

June 

16 

Apr. 22 

Nov. 6 

Dec. 9 

July 

20 

June 

21 

Apr. 27 

Nov. 11 

Dec. 14 

July 

25 

June 

26 

May 2 

Nov. 16 

Dec. 19 

July 

30 

July 

1 

May 7 

Nov. 21 

Dec. 24 

Aur. 

4 

July 

6 

May 12 

Nov. 26 

Dec. 20 

Aur. 

0 

July 

11 

May 17 

Nov. 31 

Jan. 3 

Aur. 

14 

July 

16 

May 22 

Dec. 6 

Jan. 8 

Aur. 

10 

July 

21 

May 27 

Dec. 11 

Jan. 13 

Aug. 

24 

July 

26 

June 1 

Dec. 16 

Jan. 18 

Aug. 

20 

July 

31 

June 6 

Dec. 21 

Jan. 23 

Sept. 

3 

Aur. 

5 

June 11 

Dec. 26 

Jan. 28 

Sept. 

8 

Aug. 

10 

June 16 

Dec. 31 

Feb. 2 

Sept. 

13 

Aur. 

15 

June 21 

Jan. 5 

Feb. 7 

Sept. 

18 

Aug. 

20 

June 26 

Jan. 10 

Feb. 12 

Sept. 

23 

Aug. 

25 

July 1 

Jan. 15 

Feb. 17 

Sept. 

28 

Aur. 

30 

July 6 

Jan. 20 

Feb. 22 

Oct. 

3 

Sept. 

4 

July 11 

Jan. 25 

Feb. 27 

Oct. 

8 

Sept. 

0 

July 16 

Jan. 30 

Mar. 4 

Oct. 

13 

Sept. 

14 

July 21 

Feb. 4 

Mar. 9 

Oct. 

18 

Sept. 

10 

July 26 

Feb. 9 

Mar. 14 

Oct. 

23 

Sept. 

24 

July 31 

Feb. 14 

Mar. 19 

Oct. 

28 

Sept. 

20 

Aur. 5 

Feb. 10 

Mar. 24 

Nov. 

2 

Oct. 

4 

Aug. 10 

Feb. 24 

Mar. 29 

Nov. 

7 

Oct. 

0 

Aug. 15 

Mar. 1 

Apr. 3 

Nov. 

12 

Oct. 

14 

Aug. 20 

Mar. 6 

Apr. 8 

Nov. 

17 

Oct. 

10 

Aug. 25 

Mar. 11 

Apr. 13 

Nov. 

22 

Oct. 

24 

Aug. 30 

Mar. 16 

Apr. 18 

Nov. 

27 

Oct. 

20 

Sept. 4 

Mar. 21 

Apr. 23 

Dec. 

2 

Nov. 

3 

Sept. 9 

Mar. 26 

Apr. 28 

Dec. 

7 

Nov. 

8 

Sept. 14 

Mar. 31 

May 3 

Dec. 

12 

Nov. 

13 

Sept. 19 

Apr. 5 

May 8 

Dec. 

17 

Nov. 

18 

Sept. 24 

Apr. 10 

May 13 

Dec. 

22 

Nov. 

23 

Sept. 29 

Apr. 15 

May 18 

Dec. 

27 

Nov. 

28 

Oct. 4 

Apr. 20 

May 23 
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fectant should be applied to the entire surface of the pen, taking care 
to work it into the corners and into all cracks. The construction of 
maternity pens so that direct sunlight is available will do much to 
keep them clean and dry. 

When animals infected with any of the genital diseases, such as 
brucellosis or trichomoniasis, have occupied a maternity stall great 
care must be taken to clean it thoroughly. There arc dangers to both 
the owner and his animals when brucellosis is present on a farm. 
Aborted fetuses and fetal membranes should be handled with shovels 
and forks and either burned or deeply buried. Care should then be 
taken to disinfect the tools, the stalls, and the shoes or boots of the 
owner. Every abortion should be regarded as possibly due to an 
infectious disease and veterinary counsel should be taken. 

Animals that are about to give birth should be clean. In warm 
weather many herdsmen wash the dam before placing her in the 
maternity stall. During the winter months brushing thoroughly will 
remove excess hair and dirt. The udders should be clean before the 
young are allowed to suckle. 

THE PROCESS OF PARTURITION 

Time of Parturition. Knowledge of the time of expected par¬ 
turition for each animal in the herd will be of great help to the 
livestock breeder. When hand mating is practiced a record of breed¬ 
ing date and reference to a gestation table gives this information. 
When the males are allowed to run with the herd the time of birth 
can be estimated only by the observation of the animals as parturition 
approaches. 

Preliminaries to Parturition. Shortly before parturition begins 
there is a general loosening of the ligaments and muscles in the rump 
and pelvic region. This is most marked in cows. There is a relaxation 
on either side of the tail head, the tail rises, the flanks and croup 
become hollow, and the enlarged abdomen drops somewhat. The 
udder begins to fill rapidly at this point, may become very hard and 
congested, and some fluid may drop from the teats. Most animals 
become more nervous as parturition approaches, may eat sparingly, 
and in the case of the sow, may attempt to prepare a nest. Animals 
allowed to run in a woods at this time may hide. 

Act of Parturition. In most cases the female delivers her young 
without assistance. The owner should be available to help if necessary, 
but meddling when no help is needed is a poor practice. 

Parturition may be divided into several different stages. During 
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the first stage the cervix relaxes and the pelvic region loosens to allow 
te fetus spice to pass. If the canal of the cervix does not increase in 
size the fetus cannot possibly be eliminated without damage. Dun g 
the second stage of labor there are gradually increasing contractions 
of the uterine and abdominal muscles and the fetus is expelled ro 
the uterus. During the third stage of parturition the con ‘ r ^ t ' 0 " S , 0 ) 
the uterine muscles continue until the fetal membranes (afterbi ) 
are eliminated and then they diminish. Immediately following birt 
the uterus and cervix begin to get smaller and rapidly return to the 
normal nonpregnant condition. 



FIGURE 35. Normal position of calf in uicro. (From U.S. Department of Agriculture t 
“Diseases of Cattle") 

The second stage of labor, expulsion of the fetus, may vary from a 
few minutes to several hours. In sows the pigs may be born from 5 to 
30 minutes apart, lambs may require 15 to 30 minutes, and cows 1 to 
2 hours. 

Position of the Fetus. The most common types of presentation are 
called anterior and posterior. In anterior presentation the front feet with the 
head resting between them appear first and when the head passes the 
vulva expulsion of the young quickly follows. The appearance of the 
hind feet first is called posterior presentation. It may be a little slower 
than the first type and is not quite so easy. As shown in Fig. 36 the 
fetus may be twisted and turned in many different ways. When this 
happens, the livestock owner must be either sufficiently skilled to 
handle the situation or know when to call for veterinary help. 
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FIGURE 36. Abnormal positions of calf in ulcro. These must be corrected before parturition can take place. (From l’.S. 
Department of Agriculture, “Diseases of Cattle ”) 
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ASSISTANCE AT PARTURITION 

The two principal causes of loss at parturition are interference in 
the process without sufficient skill, and delay in the recognition of 
difficulty with the result that the dam becomes exhausted and the 
fetus often dies before help arrives. 

When labor has been in progress for several hours without any sign 
of results, and when the female appears to be in unusual distress, a 
determination of the cause should be made. 

Many herdsmen are skillful and successful obstetricians, but all too 
many do not realize their own limitations. The principal factors for 
success in this type of work arc absolute cleanliness of person and 
instruments, knowledge of the anatomy of the reproductive tract, 
gentleness, perseverence, previous experience, and good judgment. A 
slight pull on the fore feet may be necessary to bring about expulsion 
of the fetus. A simple change in the position of a leg may be all that is 
needed, and in other cases it may be necessary to deliver the young 
through an incision in the abdomen and uterus (Caesarean birth). 
The proper use of a veterinarian at parturition pays good dividends. 
Good judgment will prevent unnecessary expense from calling him 
without need, but when it is clear that the birth will be complicated 
the sooner he becomes available the better. 


CARE OF THE OFFSPRING AND DAM 

Care of the Young. In cattle and horses the young are usually on 
their feet and suckling the dam within an hour. When the weather is 
favorable no particular attention is necessary if the young arc normal 
and are able to suck. In swine it is best for the herdsman to be on hand. 
It is a good practice to separate the pigs from the sow as soon they are 
born, dry them, see that they are breathing normally, remove mucus 
from the nose if necessary, and place the pigs in a basket in a warm 
place until the sow has finished farrowing. It is a good plan to identify 
the pigs at this time by notching their cars. When the sow has finished, 
the pigs should be placed with her and the herdsman should be sure 
that each is suckled. 

In the case of sheep the shepherd usually removes the first lamb at 
birth, if twins are expected, and replaces it as soon as lambing is com¬ 
plete. In cold weather the lambs should be dried, helped to suckle if 
necessary, and then usually need no further attention. 

Many animals die at birth because of carelessness. The fetal mem- 
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branes may not break normally and in such cases should be immedi¬ 
ately removed from the young. Breathing may not begin at once or 
may be interfered with by the membranes or mucus. Breathing into 
the nostrils may initiate respiration in the young. Artificial respiration 
may be administered by gently pressing the ribs in the chest region, or 
by gently swinging pigs or lambs up and down by their hind legs. 

Care of the Dam. Nothing is more discouraging than the loss or 
injury of a valuable female at, or following, parturition. We will not 
attempt a complete treatise on the feeding and management of preg¬ 
nant females but will outline a few general principles which apply to 
all classes of farm animals. 

When animals have their young in a luxuriant pasture there is 
little we can do to improve their nutritional status. When pasture is 
not available the amount of feed should be reduced a few days before 
parturition. If grain is being fed it should be bulky in nature and non¬ 
constipating. Oats, wheat bran, and limited amounts of linseed-oil 
meal, good quality legume hay, and pasture arc excellent feeds for the 
parturient female. 

Care must be taken to get the dam on feed gradually following 
parturition. Neither the dam nor her young arc benefited by bringing 
about full milk production too soon. Excessive udder stimulation by 
overfeeding may cause scours in the young, congestion of the udder in 
the female, and may contribute to the development of milk fever in 
dairy cattle. 

There is still controversy as to whether or not dairy cattle should be 
milked prior to calving. When there is extreme hardness and con¬ 
gestion of the udder, prepartum milking is sometimes begun on the 
theory that it prevents udder damage. In general it is undesirable to 
milk cows before calving. The first milk after calving, colostrum, has 
many special properties which the calf needs and he should not be 
deprived of it. 


DEVELOPMENT OF THE UDDER AND MILK SECRETION 

Development of the Udder. The mammary glands should be 
considered a part of the reproductive system. Their first real develop¬ 
ment begins at the time of sexual maturity and the establishment of 
the heat periods. Complete mammary development occurs during 
pregnancy and the secretion of milk in quantity does not occur until 
after parturition. Under natural conditions the dam gives enough 
milk for her offspring and no more. Throughout the ages man recog¬ 
nized the ability of the female to produce extra milk for other purposes 
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when her young were removed and through selection and manage¬ 
ment has brought about the great dairy industry. 

The mammary system is made up of a number of individual units. 
In swine the udders are clearly separate and even in cattle the four 
quarters of the gland arc quite separate as far as function is concerned. 

At birth the udder is made up of a teat and a very small amount ot 
mammary tissue. Prior to sexual maturity the udder grows slightly, 
but most of the increased size is due to fat and connective tissue. After 
the animal reaches puberty the udder begins to produce a series of 
ducts very much like the branches of a tree, but final preparation for 
milk production depends upon pregnancy. During pregnancy the 
ducts grow rapidly and on the ends of the ducts additional structures 
called alveoli develop. It is in the alveoli that the process of milk 
secretion will be chiefly carried out. There is very little secretion until 
just before parturition and maximum milk production is reached in 
cattle a few weeks after calving. 

Causes of Udder Development. The development of the mam¬ 
mary gland depends on a series of hormones, some of which we 
mentioned in previous chapters. The ovarian hormones, estrogen 
and progesterone, bring about the development of the ducts and 
the alveoli. The secretion of milk is dependent upon the production 
of the lactogenic hormone by the anterior pituitary gland. Milk 
secretion is not a simple process like turning on a faucet. It requires 
tremendous quantities of feed energy, proteins, fats, minerals, and 
vitamins. The three hormones mentioned (estrogen, progesterone, 
and the lactogenic hormone) arc the chief regulating agents of milk 
production, but other vital organs such as the heart, lungs, kidneys, 
liver, thyroid, and adrenal glands arc essential for maximum and 
efficient milk production. 


SUMMARY 

The importance ol pregnancy and birth to both the female and her 
offspring are presented in this chapter. Efficient livestock production 
requires that all breeding females reproduce regularly, give birth to 
normal young, and be capable of caring for the young until weaning 
time. The necessity of keeping breeding records in order to know at 
the earliest possible moment which animals are pregnant and when 
parturition will occur is emphasized. The process of parturition is 
short, but one which should receive care and attention. The place of 
parturition should be clean and safe for the dam and offspring and 
convenient so that the herdsman can keep in touch with all events. 
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Assistance in parturition is not usually necessary; when help is needed 
it must be prompt and skillful. No rule-of-thumb methods will take 
the place of good judgment at this time. Both the young and their 
dam require special attention when the process of birth is complete. 
The good health of the dam should not be endangered by too generous 
overfeeding. The young should be given attention to prevent suffoca¬ 
tion and assistance in suckling if necessary. The importance of the 
mammary glands as a part of the reproductive system has been men¬ 
tioned and a brief description given of their development and 
function. 


QUESTIONS 

1. When does pregnancy begin? 

2. What is the first outward evidence of pregnancy? 

3. How may pregnancy be diagnosed in the cow and marc? 

4. Describe suitable conditions for parturition of the cow and marc. 

5. Describe at least two farrowing systems for swine. 

6. Describe suitable conditions for lambing. 

7. Discuss sanitation in respect to parturition quarters. 

8. What arc the preliminary signs of parturition in cattle and swine? 

9. List the stages of parturition. 

10. What are the common types of presentation of the fetus? 

11. When should assistance be given at parturition? 

12. When should a veterinarian be called? 

13. Describe the care of the young immediately following birth. 

14. Outline the care of the dam immediately following birth. 

15. When docs the first noticeable development of the mammary glands 
begin? 

16. Describe the growth of the mammary system during pregnancy. 

17. What hormones bring about udder development? 

18. List some of the body organs that contribute to the milk secreting process. 
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Heredity and inheritance are synonymous; they have the same essen¬ 
tial meaning. We shall use the term heredity because inheritance to 
many people suggests land, money, or other goods left to an heir by an 
ancestor. Heredity, or inheritance in its biological sense, refers to the 
various qualities of plants or animals that are determined by the genes 
passed along in the reproductive cells of parents to their offspring. In 
mammals, when an egg and a sperm unite, a new life is begun. What 
the new organism can be is determined by the genes in the egg and sperm 
which produced it, or, in other words, its heredity. What the new 
organism will be is determined in part by the kind of environment in 
which it develops. A baby, for example, might have the proper genes 
for becoming 6 ft. tall, but if that baby was poorly fed, it might grow 
to be only 5 ft. tall. As we said earlier, heredity gives ability, environ¬ 
ment gives opportunity. Obviously, if we are going to produce desir¬ 
able animals, they must get good heredity from their parents and good 
environment from us, and one of these is just as important as the other. 

The preceding section of this book has dealt with mechanisms of 
reproduction, how germ cells are produced, and what we can do to 
keep our animals at high levels of breeding efficiency. This section 
will deal with what happens to the genes and chromosomes in the 
germ cells as they are passed along to succeeding generations. We will 
look inside the germ cells to learn what happens to the basic hereditary 
units—the genes—in hereditary transmission. 

So far as resemblance to parents is concerned, offspring have but 
two possibilities—they are either like the parents or they are different 
from them. Heredity, therefore, includes both similarities and differ¬ 
ences, or variation. Obviously, an animal can only be like both 
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parents in cases where both parents have the same quality. You may 
look “just” like your father or “just” like your mother, but you can’t 
look “just” like both of them unless they look “just alike.” The science 
that deals with heredity is called genetics % a term coined by Bateson in 
1906. A formal definition of genetics might be that it is the science which 
seeks to explain the resemblances and the differences between or among closely 
related organisms. The sum total of all the possibilities and accomplish¬ 
ments of an organism is its individuality. This may appear as the 
expression of characteristics exactly similar to some exhibited by any 
of its ancestors, a blend of ancestral characteristics, or one or many 
new expressions due to the interaction of the ancestral genes, to 
changes in certain genes, or to environmental modifications. Strictly 
speaking then, it may be seen that an organism’s individuality is the 



FIGURE 37. A scrub cow before and after being subjected to a good environment. 
Besides the increase in condition evidenced in the pictures, she increased in produc¬ 
tion 2,814.6 lb. of milk and 113.75 lb. of fat. {From Iowa Experiment Station Bulletin 188) 

sum total of all its characteristics, which result from the union of the 
germ cells which produced it, plus the influence of the environment 
in which the individual develops. Genetics seeks the cause and the 
pattern of transmission of traits down through the generations, seeks 
to find rational explanations for the occurrence of new traits, and tries 
to differentiate the relative influence of heredity and environment. 

One of the serious handicaps to breeding better livestock is the fact 
that it is always very difficult to ascertain whether an animal’s 
superiority is determined by its heredity or its environment. Actually, 
of course, it is determined by both, so the question really is: How 
much is determined by heredity, how much by environment? We 
will have much more to say about this in later chapters. 

BACKGROUND OF SCIENCE 

This era is commonly spoken of as the scientific age. Most of our 
scientific inventions have come since 1800. Before that time there had 
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hren a few, such as the printing press, gun powder, the barometer, the 
telescope, and a few others. Since 1800, they have come m an ever- 
increasing flood—steamboat and train; auto and airplane; radio and 
television; rotary press and linotype; the harnessing of atomic energy, 
and so on’, almost endlessly. Up to the beginning of the sixteenth cen¬ 
tury man’s scientific progress was held in check because of the 
authority of the past. Those in power wanted to keep things as they 
were. This restriction was removed gradually and painfully and men s 
minds were allowed, if not always encouraged, to inquire into the why 
and how of anything and everything under the sun. Progress in the 
control over the physical world began to accelerate until it now goes 
at such a dizzy pace that man may not survive his own discoveries, 
unless his moral and social advancement can also in some manner be 

speeded up. . .. 

From the days of Ptolemy, 150 years before the time of Christ, until 
the time of Copernicus, about a.d. 1500, most men had thought that 
the earth was the center and the most important part of the universe, 
with the sun revolving around it and someone hanging out the stars 
in its dome at night. Within the hundred years following Copernicus, 
investigators using mathematical calculations coupled with observa¬ 
tions proved that the earth, far from being the center of the universe, 
was in fact one of several relatively small planets that revolved around 
the sun, each turning on its axis as it moved through space. Newton 
finally developed the gravitational theory of an orderly and immense 
universe in which nothing is left to chance or caprice. He was followed 
in turn by Einstein with his theory of relativity. 

In the biological world, wc had to wait until the nineteenth century 
for Pasteur to prove the fallacy of spontaneous generation; for 
Schleiden and Schwann to establish the fact that all organisms are 
composed of cells; and for Mendel to discover the mechanism of 
hereditary transmission. Old superstitions die hard and old beliefs 
reappear, especially in the field of biology. Like chemistry, astronomy, 
and physics, animal breeding is now a science. When we say anything 
is a science, we simply mean that there is an organized body of knowl¬ 
edge about it. Scientists first observe facts and then frame a theory 
that seems to account for all the known facts. Experiments are set up 
to test a theory further, and if the theory meets these tests success¬ 
fully, we assume it is correct. If our original working hypothesis or 
theory fails to meet later tests, we simply scrap it, or parts of it, and 
start over again. Finally, we have a theory that will explain and 
account for facts of the past and, more important, will allow us to 
predict what will happen in the future. We pass in this manner from 
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art to science. In art we work on the basis of intuition or guess, while 
in science we work on the basis of experimentally discovered laws and 
principles. 


PRE-MENDELIAN ANIMAL BREEDING 

Man has been selecting plants and animals for an unknown period 
of time, perhaps for 10,000 years or more. In animal breeding his 
method has always been the very simple one of mating what he con¬ 
sidered desirable animals, and basing his hopes on the general princi¬ 
ple that ‘like begets like.” From an early date his selections were 
probably influenced to some extent by a consideration of pedigree and 
also to some extent by demonstrated ability to beget desirable off¬ 
spring. Up until the very recent past, the mechanisms of reproduction, 
hereditary transmission, and variation were totally unknown. Just 
by trial and error man made remarkable progress in creating more 
beautiful and efficient animal types. 

It is sometimes disparagingly remarked that man has made no 
progress in breeding better livestock for the past 100 years. Since the 
breeder is unable, up to the present at least, to create new genes for 
desirable characters, such a statement is the same as saying that 
breeders have not been able to discard any undesirable genes or in¬ 
crease the number of desirable ones, or to put the old ones together 
into any new and better combinations. In other words, such a remark 
means that the proportion of bad genes and good genes is the same in 
our present-day livestock as it was 100 years ago. Such a statement 
can neither be proved nor disproved in terms of the actual genes, and 
because records of performance are practically totally lacking for 
former animals and not very numerous for the present ones, and 
because nutritional and other environmental conditions have under¬ 
gone such revolutionary changes, the statement can neither be proved 
nor disproved in terms of records of performance. Crude as may have 
been the earlier tools of selection, the writer is of the opinion that con¬ 
siderable progress has been made. And he is also of the opinion that 
the average merit of our animals can now be fairly speedily increased 
because the basic principles of hereditary transmission and variation 
are now known. 

In the first chapter we sketched briefly the probable history of 
animal breeding. Tablets and monuments from early Egyptian and 
Babylonian civilizations of 5,000 years ago depict very good types of 
cattle, sheep, and dogs, and it is known that these peoples used the ass 
as a beast of burden. The ancient Greek and Roman civilizations also 
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had well-developed arts of agriculture and animal husbandry. During 
the Middle Ages there were undoubtedly local varieties of animals ol 
good individual merit, but this period is noteworthy from our stand¬ 
point mainly as the time when the Arabian horse and the Merino 
sheep were developed. When Robert Bakewell started farming at 
Dishley, England, in 1760, the real foundations of our presen -day 
breeds began to be laid, and during the next 100 years practically all 
the breeds of livestock now found in America were developed. I hen, 
roughly from 1860 to 1900, the breed associations for pedigreeing, 
protecting, and promoting the various breeds were established, the 
whole of the above process taking place before the principles under¬ 
lying reproductive physiology, hereditary transmission, and variation 
were known. During all this period men had to breed by rule-of-thumb 
methods, and it is likely that magic and superstition played a large 
part in breeding operations. 


PRE-MENDELIAN PLANT BREEDING* 

Conditions were very similar in the domain of plant breeding, good 
varieties of plants having been established and having been con¬ 
tinuously improved since remote times. A German, Camcrarius, dis¬ 
covered the sexual nature of plants in 1694. In 1717, an Englishman, 
Fairchild, produced the first artificial plant hybrid. This was followed 
by extensive work in crossing plants during the next 50 years. During 
the next 100 years, plant hybridizers discovered and reported the 
occurrence of dominance, reccssivcness, segregation, hybrid vigor, 
and unit characters, but these isolated facts were not synthesized into 
a pattern of principles of heredity and the statistical relations indi¬ 
cating the uniformity of the behavior of the hereditary units were not 
recognized. The cell theory was advanced by Schlciden and Schwann 
in 1838. The decade 1840 to 1850 saw the beginning of the progeny 
testing of plants by Vilmorin, the figuring of the chromosomes by 
Hofmeistcr, the recognition of the general principle of the continuity 
of the germ plasm by Owen, and the observation of actual fertilization 
of the egg by the sperm in seaweed by Thurct. 

Then, within a period of 7 years, two of the most influencial books 
of all time came off the press: Darwin's “Origin of Species” in 1859, 
and a paper by Mendel, “Plant Hybridization,” in 1866. The former 
created an immediate sensation; the latter, although it contained a 
clear and concise statement of the basic principles of heredity with 

1 R. C. Cook, A Chronology of Genetics, U.S. Department of Agriculture Yearbook , 
1937, pp. 1457-1477. 
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practically perfect statistical results to buttress them, lay unnoticed 
for 34 years. 

Hertwig proved in 1875 that fertilization consisted of the union of 
male and female pronuclei, which established the equal importance 
of both parents in hereditary transmission of potentialities; Fleming 
reported the doubling of the chromosomes in 1879; van Bencden the 
reduction of the number of chromosomes to one-half in the germ cells 
in 1883; Hertwig, Strasburger, Kolliker, and A. Weismann in 1884 to 
1885 (independently and practically simultaneously) identified the 
cell nucleus as the basis of heredity; and in 1888 the chromosomes 
were named by Waldeyer. 

In the practical field, the progeny test in plant breeding was further 
developed, trap-nesting of poultry begun, and the Babcock test for 
determining the butterfat percentage of milk discovered. In 1891, 
Hays advocated a method of progeny testing as the only adequate 
method for determining the genetic make-up and breeding worth of 
an individual. Statistical treatment of variation by means of correla¬ 
tion was devised by Galton in 1886. 

GENETIC ADVANCE SINCE 1900 

With the independent rediscovery of the basic principles of heredity 
by DeVries, Corrcns, and von Tschermak in 1900, and the bringing 
to light of Mendel’s original work, a new impetus was given to both 
the scientific and practical aspects of plant and animal breeding. 
These principles were demonstrated to apply to animals by Cucnot 
in 1902, and to man by Davenport in 1904. The correspondence 
between the behavior of the chromosomes and the hereditary trans¬ 
mission of characters was shown by Sutton in 1903. The mechanism of 
sex determination suggested by McClung in 1902 was confirmed by 
Stevens and Wilson in 1905. Following the lead of Shull and East, 
many inbreeding and crossbreeding experiments were begun, both 
to test and amplify genetic theory and to try to develop true-breeding 
strains of both plants and animals, or to produce more valuable ones 
by crossbreeding. A host of discoveries of chromosome behavior have 
followed since 1910. Finally in 1927 came the artificial production of 
mutations by X rays (Muller) and in 1933 the complete unification of 
cell behavior and genetics through Painter’s work with the giant 
chromosomes found in the salivary glands of larval fruit flies. 

The possibilities inherent in the application of genetic principles to 
the improvement of both plants and animals have become especially 
recognized since about 1920. In plants, many new varieties have been 
made to order, and “hybrid” corn is now used almost exclusively 
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throughout the corn belt and wherever corn is greownjn 
have again centered our attention on the basic fundamentals ot prov 
iru^siresTby means of their progeny, as Bakewell did in thei eighteen h 
century and as Varro suggested to Roman farmers in the first centu y 

“'Genetics, or the science of breeding, has had a phenomenaldevclop- 
ment since 1900. The earliest charactersstud^dwerc.hcmost 
obvious external ones, such as color and horns. This led .*°™ . 
expect that all animal characters would follow some such simple 
pattern of heredity, and as a consequence, many unjustifiable claims 
were made relative to the easy and rapid revolution in breeding prac¬ 
tices soon to be achieved by means of genetics. The basic principles of 
heredity have been revealed by means of the experimental breeding 
of small, inexpensive, and rapidly breeding forms. The detailed mode 
of inheritance of most of the commercially valuable characters of our 
larger forms of livestock are still unknown. Our lack of knowledge 
regarding the heredity of commercially valuable characters doubtless 
rests in part upon the fact that each parent produces only a small num¬ 
ber of progeny. But probably of more importance is the fact that such 
characters are of a quantitative nature with many pairs of genes being 
involved and to the added fact that such qualities are so easily influ¬ 
enced by the environment. The specific nature of the heredity of 
quantitative characters is still far from understood even in rapidly 
reproducing forms, such as the fruit fly, mice, and many plants, where 
they have been studied extensively. 

Fortunately, we do not need to wait for the details to be discovered 
any more than we needed to wait until the exact nature of electricity 
should become known before putting it to use. Knowledge of the 
broad basic principles, which we now have, will expedite breeding 
progress tremendously whenever we develop the ingenuity and desire 
to really put it to work. 

The student should keep in mind during the reading of the next few 
chapters that the facts revealed by means of breeding experiments 
furnished the materials on which various portions of the theory of 
inheritance are based, rather than the reverse of this process. Breeding 
facts supply the materials from which a working hypothesis can be 
formed. Further experiments are then devised to test the correctness 
of the hypothesis. 


PROBLEMS OF GENETICS 

There are three principal problems in the field of genetics. Obvi¬ 
ously the breeder is primarily interested in the manner in which 
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potentialities are transmitted from parents or other ancestors to off¬ 
spring. On the solution of this problem depends our ability to plan 
our breeding operations so that animals of a more useful type, more 
useful in terms of efficiency, productivity, longevity, and so on may be 
produced. 

In addition, there are two other problems largely the concern of the 
geneticist or scientist. One of these has to do with the chemistry and 
structure of genes and the other with the cmbryological development 
of the organism. The problem concerning the chemical nature of the 
gene belongs, of course, in the fields of chemistry and cell science. 
Research has established the fact that the behavior of the chromosomes 
in the formation of germ cells fits exactly the observed appearance and 
distribution of characters in offspring. Chromosomes are the main 
bridge of heredity. There is a possibility that materials in the portion 
of the germ cells other than the nuclei may have a bearing on the 
heredity of certain characteristics. This has been demonstrated in 
plants and is not a contradiction of the theory of Mcndelian heredity 
but simply an additional type. During the past few years the possi¬ 
bility that genes may be able to duplicate themselves in the portion of 
germ cells other than the nuclei, commonly called the cytoplasm, has 
been advanced, but positive proof of this has not yet been established. 
Many investigations are now in progress attempting to explain the 
nature of the genes. The physiochemical events that are involved when 
chromosomes and genes duplicate themselves during cell division are 
not yet completely understood. 

The other problem concerning the development of the organism 
from the fertilized egg cell is also being investigated. We now have to 
jump from the gene to the completed characteristic without knowing 
very much about the processes of differentiation and organization as 
the embryo develops. Experimental embryological research is be¬ 
ginning to shed some light on this problem. Belly tissue of the young 
frog embryo, which if left in place would have produced skin, will 
produce a normal frog jaw if transplanted early enough to the region 
of the jaw. If, however, it is transplanted to the jaw region of a 
salamander, it will, as formerly, produce jaw tissue, but it will be the 
jaw of a frog because of the frog genes that it contained. Development, 
therefore, is due primarily to the genes and, perhaps, secondarily to 
the interaction of the developing tissues with other nearby tissues. 

PROBLEM OF MODE OF TRANSMISSION 

The way in which potentialities are transmitted from parent to 
offspring is a real concern for the breeder. There are two methods of 
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attacking this problem: (1) by studying ancestors, or (2) by studying 
progeny. Herd books and production records of livestock may be m 
to yield valuable information on the problem of hereditary 
mission. With the aid of such records, the manner of transmission of 
‘ many superficial characteristics, such as color markings or horns, as 
well as some of the deeper-lying functional activities such as speed, 
milk production, rate of gain, and yield of wool, may be investiga c . 

The second method, that of progeny study, is the experimental 
breeding or pedigree culture method which Mendel used so success¬ 
fully. He succeeded in discovering the basic plan of hereditary mode 
of transmission because he reduced his problem to the simplest form 
and studied but one pair of contrasted characters at a time. In genera 
this method consists of producing pure races, crossing them, mating 
the hybrids, and ascertaining the ratios in the second and later 


generations. ... ~ 

In animal breeding, our aim is the creation of desirable and emcient 
animals that will transmit their own desirable qualities to a high 
percentage of their offspring. We want all the evidence that wc can 
get regarding the likelihood that our desirable animals will be good 
transmitters. Wc can secure the evidence partly from the animal itself, 
partly from its pedigree, and best from its progeny. 


GENETICS AND THE PRACTICE OF BREEDING 

The practice of breeding is older than history. Its method is selec¬ 
tion, and its accomplishments legion. It has produced fast, fancy, and 
farm horses; increased the yield of milk from a few hundred to 42,000 
lb. annually in one instance; and has produced the food that has 
enabled man literally to conquer his world. Genetics acknowledges 
gladly the achievements of empiricism and seeks the reason “why.” 
The method of practical breeders has always been that of trial and 
error, and there has always been a goodly share of the latter. The 
greatest service that genetics can render to the practice of breeding 
lies in its ability to analyze and to provide logical explanations. If 
genetics did no more than unearth the principles underlying breeding 
and post “no-passing’* signs at the head of all the blind alleys, it would 
expedite successful breeding to a marked degree. 

But genetics will do more than act in just a negative way, necessary 
as that so often is. Through genetic studies, the mode of transmission 
of many useful as well as harmful characters has been discovered. 
There will be many more such discoveries in the years ahead. In 
addition, genetics is slowly ferreting out the basic principles under¬ 
lying the various systems of breeding. Also it is developing a sound 
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understanding of the capabilities and shortcomings of various methods 
ol selection. The newer knowledge of genetics indicates that real 
genetic improvement in a herd or a breed is likely to be much slower 
than we used to think possible. In short, it seems to be whittling our 
often too exhuberant hopes down to levels where there is some likeli¬ 
hood of their being achieved. With sound genetic knowledge, a 
breeder can hope for slow, steady progress toward his goal. Genetics 
will perhaps remove the “fireworks and hoop-la” from breeding, and 
in some cases will serve as quite a deflater and leveler, but it will add 
stability and provide the means whereby one can at least keep moving 
on the main road. 

To be successful in breeding better livestock, a person should first 
of all love to work with animals. Next comes the necessity for a 
thorough knowledge of the history, accomplishments, and shortcom¬ 
ings of one’s particular breed. Practice in livestock judging, bulwarked 
by a knowledge of anatomy and physiology and by experience gained 
through study of finished carcasses in meats courses, should also prove 
to be very useful. Finally, courses in veterinary hygiene and science, 
together with the materials presented in the books dealing with 
animal breeding, should complete one’s initial training for animal- 
breeding work, with actual experience in the field serving as a con¬ 
tinuing source of enlightenment and inspiration. 

SUMMARY 

This chapter is intended to serve as a general introduction to the 
field of heredity. The use and nature of scientific thinking, with its 
manifold blessings to better human living is discussed. We examine 
the status and methods of animal and plant breeding before genetics 
was born in 1900 and indicate the rapid growth and development of 
genetics during the past 50 years. The three primary problems of 
genetics are outlined and we give some indications of the methods 
being used to try to find solutions to the problems and indicate what 
success had been and is likely to be achieved. Finally, we look into the 
matter of what contributions to breeding better livestock the science 
of genetics had already made or is likely to make in the future. 

QUESTIONS 

1. What is the mechanism of inheritance? 

2. What determines what any animal can be? 

3. What determines what any animal will be? 
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4. Substitute other suitable words for inheritance, similarities, differences. 

5. Define genetics. i^nn? 

6. Why were most scientific discoveries delayed until alter 16UU. 

7. Define science. 

8. When does art become science? 

9. List six important milestones on the road to genetics. 

10. What has genetics contributed to breeding better livestock. 

11. What, from the animal breeder’s viewpoint, is the principal problem ol 

genetics? 

12. What are two secondary problems of genetics. 

13. In what two ways may hereditary transmission be studied? 

14. What things can be of help to one trying to breed better livestock. 

15. You inherited certain capabilities. Will you ever develop all or any of 

them completely? . ? 

16. How far back can you trace your own pedigree in names, qualities. 

17. What qualities did you get from your mother? 

18 . What qualities did you get from your father? 

19. Why are people generally less likely to believe in the inheritance of 
mental traits than physical traits? 

20. Can good environment overcome the effects of poor heredity? 

21. Why were plants and small animals used to discover the laws of heredity? 

22. “Which came first, the hen or the egg?” 

23. How was it possible for man to improve his plants and animals before 
the basic laws of heredity were discovered? 

24. What man has contributed most to the development of some breed (your 
choice) of livestock? 

25. List any ideas or opinions that your study of this chapter has caused you 
to change. 
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Classification of Cells 
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Germinal Meiosis in the Female 
Purpose of Reduction 
Chromosome Distribution 


A catalogue of all the ideas that man has held regarding heredity 
would, no doubt, make very interesting and at times humorous read¬ 
ing. The most characteristic quality of man has always been his 
insatiable curiosity. It is the most valuable thing we possess. Basically 
it takes two forms, (1) “what caused that?” and (2) “what will happen 
if I do so and so?” In short, man cannot rest until he has an explana¬ 
tion of what has happened and at least some idea of what will happen. 

The problems of heredity arc, of course, of particular interest to 
breeders. Men have speculated about heredity throughout the ages, 
but its real explanation had to wait until the invention of the micro¬ 
scope and the tabulated results of many breeding experiments. The 
older speculations created large numbers of superstitions regarding 
heredity. Many of these persist in many quarters of the globe even at 
the present time and they have given rise to many queer practices. 

Since the only contributions of parents to their offspring arc the 
tiny reproductive cells, we naturally must concern ourselves with the 
science of cells, or cytology, as the physical basis of heredity. Cells 
were first noticed by Hooke in the year 1665 when he was studying the 
structure of cork. It was not until 1838, however, that two German 
scientists, Schleiden and Schwann, advanced the idea that all plants 
and animals consisted of cells. In both the plant and animal kingdom 
are found all degrees of complexity, from single-celled organisms like 
bacteria to highly specialized structures such as plants and farm ani¬ 
mals, which consist literally of billions of cells. The cells themselves 
show amazing complexity. There are marked differences between 
muscle cells, brain cells, glandular cells, bone cells, and so on, in our 
own bodies. During the past 75 to 100 years a great deal has been 
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learned through careful research regarding the cell, but it still holds 
many secrets waiting to be unraveled. 

THE CELL 

A cell is a bit of living protoplasm in which are to be found vacuoles, 
plastids, a centrosome, and a nucleus, the whole sometimes surrounded 
by a cell wall and sometimes naked. The really important part is the 
content of the cell, the sum total of which is called protoplasm. This 
includes the nucleus, centrosome, and the remaining portion called 


FIGURE 38. A typical cell, with 

structures commonly present: at , 
attraction sphere; ch, chromatin 
network; ci , cell inclusions; cm, 
cell membrane; cn, centrosome; 
cy, cytoplasm;^, Golgi apparatus; 
/, linin thread; m, mitochondria; 
n, nucleus; nl, nucleolus; nm, 
nuclear membrane; ns, nuclear 
sap; p , plastids; pdiv, plastid di¬ 
viding; v , vacuole. (From Shull, 
“Principles of Animal Biology”) 


the cytoplasm. The body of any multicellular organism is made up of 
cells (and cell products) that have arisen through cell division from 
one original cell called a zygote. The zygote is the product of the union 
of two reproductive cells, that is, an egg or ovum from the female and 
a sperm or spermatozoon from the male. 

Following the fertilization of an egg by a sperm, the resulting zygote 
begins to grow by means of cell division. This one original cell divides 
into two cells, these two into four, and so on until the complete 
organism, consisting of billions of cells in the higher animals, is pro¬ 
duced. All the organs of an animal body are composed of cells more 
or less specialized in form and function for definite purposes—lung 
cells for breathing, brain cells for thinking, and so on. 

CLASSIFICATION OF CELLS 

For clarity, and because of certain fundamental differences, the 
cells making up any organism are divided into two categories. One of 
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these, called the somatoplasm , includes all the body cells necessary to 
the well-being of the particular individual whose component parts 
they are. The other relates to the cells immediately concerned in the 
production of future individuals. This is called the germ plasm. It is 
essential that the student differentiate clearly between these two. 
True, the germ cells arc housed in and nourished by means of the 
soma or body cells, but differences in cell division as well as in function 
place the former in a class by themselves. 

Eggs and sperm are cells containing both cytoplasm and nucleus. 
Eggs are usually larger than sperm because of the stored-up food 
material in the yolk which must serve to nourish the developing indi¬ 
vidual until the latter becomes firmly attached to the uterus of the 
mother. The sperm produced in the testicles of the male are also 
specialized for their function of seeking out and fertilizing the eggs. 
They have a characteristic shape, very unlike that of the egg, being 
made up of three parts, namely, the head, containing the nucleus; the 
body, containing the ccntrosome; and the elongated tail, the lashing 
of which gives the spermatozoa their motility. The chromosomes 
found in the nuclei of the germ cells furnish the “bridge of inheritance” 
between parent and offspring. 


CHROMOSOMES AND GENES 

The theory was advanced many years ago that certain definite 
entities in the nucleus of the germ cells brought about the development 
of certain characteristics in the fully developed individual. Subsequent 
investigation in cytology (cell science) has proved the correctness of 
this hypothesis. In the higher animals, there 1 is a marked distinction 
between soma and germ plasm, and also between the cytoplasm and 
the nucleus of the germ cells. It is in the nucleus of the germ cell that 
the determiners for the individual’s characteristics are located. The 
nucleus itself is made up of two principal parts, the linin network and 
the chromatin material. The latter goes through various stages in ful¬ 
filling its functions. While the cell is in a resting stage, the chromatin 
is strung out in a long thread supported on the linin network. As the 
cell starts to divide, the chromatin thread shortens and thickens, and 
finally breaks up into the number of chromosomes characteristic of 
the species. 

Each species of plant and animal has a characteristic number 
of chromosomes. This number is found in the nuclei of all the cells 
of the body that have a nucleus, with the exception of the germ cells 
at certain stages, as will be noted later. In the human, the number 
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of chromosomes is 24 pairs; in cattle, 30 pairs; in the fruit fly, 4 pairs; 
in corn, 10 pairs; and in wheat, 21 pairs. The chromosomes themselves 
are divided into two categories, the autosomes and the sex chromosomes , 
the latter being so named because they carry the principal deter¬ 
miners for sex as well as for certain other characteristics. The chromo¬ 
somes occur in a variety of shapes, though for the most part they 
are rodlike or oval in shape. Abundant cytological and experimental 
breeding data have proved that each chromosome consists of a 
great many constituents known as genes , which are the indivisible 
units of inheritance. 

It is supposed that certain of the filterable viruses that arc assumed 
to be the causative agents in certain diseases, such as hog cholera, are 
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FIGURE 39. The 24 pairs of chromosomes in ihe human male. ( From Dr. Painter , 
“ The Child's Heredity ,” Williams & Wilkins) 

composed quite largely of nuclear or chromatin material with very 
little or no cytoplasm present. It seems most probable that life origi¬ 
nated in somewhat similar minute bodies and that from this minute 
origin all the varied forms of living things have arisen by means of 
heredity and variation. The most logical reason for the differences 
between individuals would seem to be that their chromatin elements 
differ. The same is undoubtedly true of species, and other wider 
differences. At times, the chromatin becomes stretched out into a long 
thread, and at more or less regular intervals the thread exhibits 
regions of thickening. In other words, the chromosomes look more or 
less like strings of beads. These beads are the genes or factors that 
bring about the development of our individual characteristics. Each 

Table 7. Chromosome Xumbers in Man and Farm Mammals 


Species 

No. of 
pairs 

Authority 

Man. 

24 

Evans and Swezy, 1928 

Horse. 

30 

Painter, 1924 

Cattle. 

30 

Krallinger, 1927 

Sheep. 

27 

Berry, 1938 

Swine.• 

19 

Krallinger, 1931 

Goat. i 

30 

Berry, 1938 
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chromosome is always re-formed from the same group of genes 
and each gene always occupies a definite place in its particular 
chromosome. 


SOMATIC MITOSIS 

Somatic mitosis, or cell division, is the process whereby one cell, 
through growth and subsequent division into approximately equal 
halves, produces two cells, each with the same number of chromo¬ 
somes as the original cell. Somatic mitosis is a continuous process, 
starting with one cell in the resting stage and ending with two cells in 
the resting stage. For clarity the process is often divided into four 
phases, as follows: prophase, metaphase, anaphase, and telophase. 

In a typical cell in the resting stage, the chromatin of the nucleus 
is strung out into long threads presenting the appearance of a tangled 
skein. In the prophase, a shortening and thickening of the chromatin 
and its division into the number of chromosomes characteristic for the 
species, together with the arrangement of the chromosomes in the 
equatorial plane, take place. The nuclear wall also disappears during 
this preparatory stage. By this time the ccntrosomc, which lies just 
outside the nucleus, has divided, and one-half of it has proceeded to 
each pole of the cell with the accompanying arrangement of the asters 
or threads attached to the chromosomes. In the metaphase, the chro¬ 
mosomes split lengthwise (or reproduce themselves) into two equal 
parts, and these parts start to move to the opposite poles of the cell. 
In the anaphase, the two groups of chromosomes complete their 
migration, one group to each pole of the cell. In the telophase, the cell 
wall constricts, forming two new daughter cells, each with cytoplasm, 
centrosome, and nucleus with its chromatin, in place of the one 
original parent cell. 

Such cell division with differentiation is characteristic of the rise of 
a many-celled organism from a single-celled zygote. At times this 
process stops short and a dwarf results; and at other times it continues 
beyond the normal, the individual with an extra number of cells being 
a giant. Various types of abnormalities arise from causes unknown. 
The force that specifies when, where, and how differentiation is to 
take place is not definitely known. Perhaps it is the result of response 
to internal stimuli, perhaps to the influences of organizing centers. 
Up to the present, differentiation is still largely a mystery, but the 
wonder should arise not at the fact that occasional abnormalities are 
produced, but rather that the whole complicated process from the one 
to the billions of cells with suitable differentiation and organization is 
ever accomplished perfectly. 
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FIGURE 40. Mitosis in a four-chromosomc species: 1-5, prophasc; 6-8, metaphase; 
9, anaphase; 10, telophase. 

ORIGIN OF GERM CELLS 

The mechanism of heredity resides in the germ cells, the only direct 
contribution of parents to their offspring in the higher species. The 
mode of origin of germ cells is a very important consideration. As we 
have learned in earlier chapters, they are produced in the testicles and 
ovaries, but they should be thought of as direct lineal descendants of 
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the fertilized egg that has also given rise to the entire somatoplasm of 
the individual now producing germ cells. At sexual maturity, germ 
cells will begin to be produced by the germ plasm, but the chromo¬ 
somes and genes in these germ cells are not derived in the final analysis 
from the body of the parent (somatoplasm), but from the same source 
from which the body of the parent has come, namely, the original 
fertilized ovum or zygote. 

GERMINAL MEIOSIS IN THE MALE 

To distinguish the process of germ-cell division from that of soma-, 
or body-cell, division, the former is called meiosis , the latter mitosis. The 
primordial germ cells of the male are found on the inner wall of the 
seminiferous tubules of the testicles. At sexual maturity these cells are 
stimulated to produce functional sperm. The primary spermatocyte 
grows and enlarges and then, after going through the process of 
synapsis, divides into two secondary spermatocytes. Synapsis is the 
stage during which the pairs of homologous or like chromosomes (one 
member of each pair having come originally from each parent) con¬ 
jugate or fuse together. This is a very important stage in the pro¬ 
duction of the germ cells because it offers the opportunity for the 
interchange of chromatin material and genes between the pairs of 
homologous chromosomes, thus providing great opportunity for varia¬ 
tion. The filaments of chromatin twist about each other at this time, 
and equal sections of chromosomes arc no doubt mutually replaced by 
the other member of the homologous pair. This is what the microscope 
seems to reveal and it is in keeping with the known way in which 
characteristics behave in transmission. 

Such partial interchange of chromatin material, in addition to the 
independent distribution of whole chromosomes, renders the possi¬ 
bilities of variations infinite, as they seem to be. Synapsis is followed by 
disjunction of the fused pairs of chromosomes, one member of each 
pair now moving to one or the other pole of the cell. Upon the com¬ 
pletion of this migration of chromosomes the cell wall constricts, 
forming two secondary spermatocytes, each with onc-half the number 
of chromosomes normal for the species or actually one member of each 
pair. This division is spoken of as the heterotypic division because the two 
resulting cells arc not identical with the parent cell. 

The two secondary spermatocytes now divide as in ordinary somatic 
mitosis, producing four spermatids. As the two cells arising from each 
secondary spermatocyte are identical with the parent cell, this is 
spoken of as the homotypic division. 

The four spermatids now develop into functional sperm with charac- 
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teristic head, body, and tail regions. As cell division proceeds, each 
generation of cells become further removed from the wall of the tubule 
and approach its open center. The fully developed sperm are found 



FIGURE 41. Maturation, or mciosis, of germ cells in animals. The process begins 
with the third row of cells; maternal chromosomes white, paternal black. All chromo¬ 
somes in the fertilized egg received from the mature egg are thereafter maternal, and 
those received from the spermatozoon are thereafter paternal, regardless of what 
they were in the mature germ cells. (After Shull) 

eventually in the lumen or open center of the tubules through which 
they make their exit from the testicle. 

GERMINAL MEIOSIS IN THE FEMALE 

In the ovary of the female, a process similar to that fully de¬ 
scribed above for the male goes on, with the following exception. 
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Starting with a primary germ cell, or ovocyte, in the ovary the reduc¬ 
tion division following synapsis is similar to that found in the male. 
However, instead of two secondary spermatocytes dividing into 
identical spermatids, the primary ovocyte forms one secondary 
ovocyte and one nonfunctional polar body, each of which has received 
one-half the chromatin material and contains one-half the normal 
number of chromosomes. The polar body differs from the secondary 
ovocyte in having received none of the yolk. These two, the secondary 
ovocyte and the polar body, then divide, so that the ovocyte gives rise 
to one ovum, or egg, and one more polar body; the first polar body 
gives rise to two polar bodies. The ovum is the female gamete that is 
capable of being fertilized by a spermatozoon. The three polar bodies 
are nonfunctional and are absorbed. So, while in the male there are 
produced four functional spermatozoa from each primary spermato¬ 
cyte, from the primary ovocyte of the female there arise but one func¬ 
tional ovum and three nonfunctional polar bodies. 

PURPOSE OF REDUCTION 

The purpose of the reduction division in the formation of germ cells, 
in both the male and the female, is to keep the number of chromo¬ 
somes for the species constant. When an egg with one-half the normal 
number of chromosomes (haploid number) is fertilized by a sperm, 
also with one-half the normal number of chromosomes, the summation 
of the two halves restores the normal number of chromosomes (diploid 
number) in the zygote which is to produce the new individual. No 
doubt, some cases of sterility in hybrids are due to the fact that the two 
species that were crossed had different characteristic number of 
chromosomes, and, while fertilization and subsequent development 
are possible, it is nevertheless impossible for these particular hybrids 
to produce functional spermatozoa or ova, because of the interfer¬ 
ence with the normal pairing of chromosomes and subsequent cell 
mechanism. 


CHROMOSOME DISTRIBUTION 

So far as known, the distribution of chromosomes in germinal 
meiosis is at random. This is fortunate from a breeding standpoint 
because it permits new combinations of paternal and maternal 
characteristics to be passed along to offspring. The solid chromosomes 
in Fig. 42 represent those contributed by the male; those in outline 
by the female. Following synapsis and disjunction, one member of 
each pair will proceed to one pole and be found in one sperm or egg 
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cell, the other member of each pair will go to the other pole and be 
found in the other cell. The fact that one member of a certain pair 
goes to one cell has no effect on the distribution of the other chromo¬ 
some pairs; in other words the distribution is independent or random, 



FIGURE 42. Consequences of independent segregation of chromosomes in Droso¬ 
phila ampelophila. (From Babcock and Clausen , “Genetics in Relation to Agriculture" Mc¬ 
Graw-Hill) 

it being understood that one or the other member of each pair must 
normally go to each daughter cell. Figure 42 represents all the possible 
combinations of the eight chromosomes of the fruit fly. 

SUMMARY 

A general understanding of the mechanism of heredity is the basis 
of this chapter. This resides in the nuclei of the male and female repro- 
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ductive cells. Here are found the ultimate and indivisible units of 
heredity, the genes. The genes do not perform their functions singly 
but are always organized in groups—the groups being known as 
chromosomes. We learn how the chromosomes each reproduce them¬ 
selves when body cells are being formed so that each body cell has a 
complete double set, one member of each set having been supplied 
originally by each parent. In contrast to this, when germ cells are 
formed in the testicles or ovaries, only one member of each pair of 
chromosomes is to be found. In this way the number of chromosomes 
is reduced by one-half as sperm or eggs are formed, so that the com¬ 
plete species number will again be restored at fertilization. We pay 
particular attention to the origin of germ cells and see that they come 
from the original zygote, rather than from the soma or body which 
arose from the zygote. We also learn that the distribution of paternal 
and maternal members of each pair of chromosomes to the germ cells 
is at random, thus providing for an almost indefinite number of kinds 
of germ cells as regards their particular combinations of paternal and 
maternal chromosomes, thus coming to a beginning of an understand¬ 
ing of the great range of variation found in all living forms. 

QUESTIONS 

1. What do parents contribute to their offspring? 

2. Describe the make-up of a living cell. 

3. How is growth from one cell to billions accomplished? 

4. Diagram somatic cell division in a four-chromosome species. 

5. From a breeding standpoint, how do we classify cells? 

6. How many pairs of chromosomes are there in man, cattle, sheep, hogs? 

7. Describe somatic cell division in four phases. 

8. How and where are germ cells formed by a male? 

9. How and where are germ cells formed by a female? 

10. In what respects are sperm and egg production similar? 

11. In what respects are sperm and egg production dissimilar? 

12. What is the purpose of the reduction or maturation process in germ cell 
formation? 

13. Why are polar bodies formed? 

14. What is meant by random distribution of chromosomes in germ cell 
formation? 

15. What determines how any animal will transmit? 

16. In the horse there are 30 pairs of chromosomes; in its close relative, the 
ass, there arc 33 pairs. Has this any bearing on fertility in the mule? 

17. Why will different breeds cross while generally different species will not? 

18. Why is it essential to understand the origin of germ cells? 

19. Why is the ovum larger than the sperm? 
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20. If a character is found to be transmitted only by the mother, in what 

part of the egg is it probably transmitted? if 

21. What would happen to the chromosomal constitution of the nucle 
the reduction division did not take place? 

22. In some groups of animals and plants the chromosome number of one 
species is a multiple of that in another. Thus, in wheat, some species 
have 14, some 28, and some 42 chromosomes. What does this suggest as 

to the evolutionary history of these species? 

23. At the time of synapsis preceding the reduction division, the homologous 
chromosomes align themselves in pairs, and one member of each pair 
passes to each of the daughter nuclei. Assume that, in an animal with 
four pairs of chromosomes, chromosomes A, B, C, and D have come 
from the father, and A', B', C', and D' have come from the mother. In 
what proportions of the germ cells of this animal will all the paternal 
chromosomes be present together? All the maternal? 

24. Why are not full brothers or full sisters exactly alike? 



Chapter 12 


PRIMARY LAWS Mendelian Terms 

First Mendelian Law 

OF HEREDITY Lack of Dominance 

Second Mendelian Law 
Aspects of Dominance 


Many men have become historically famous because of their contribu¬ 
tions to humanity in their chosen vocation; few because of what they 
contributed through their avocation. Perhaps the most outstanding 
among the latter is Gregor Mendel. He was ordained as a priest in 
1847 and served as a monk in the Augustinian monastery at Brunn 
Austria (now called Brno, Czechoslovakia). In his early years Mendel* 
according to reports, was a sincere and very jovial sort of man. He 
finally became abbot of the monastery in 1868 and had to spend con¬ 
siderable time in his later years quarreling with state authorities con¬ 
cerning taxes. 

Mendel had also studied natural science and developed as a hobby 
the growing of plants in the monastery garden. There had been many 
other plant hybridizers before Mendel, but he was the first to attack 
the problem on a large enough scale and in such a carefully planned 
way that he was able to: 

1. Determine the number of different forms which arose from certain 
hybrids. 

2. Record the appearances through several generations. 

3. Ascertain definitely the proportions or ratios in which the dif¬ 
ferent forms occurred in the succeeding generations. 

In 1866 Mendel published a report of 8 years of hybridization ex¬ 
periments. This report was sent to many libraries, both in Europe and 
America, but no one seemed to sense the great significance of what 
Mendel had found. Actually 34 years elapsed before the correctness of 
his pioneering work, was established. Mendel, like many other men 
who have been a bit ahead of their time, died in 1884 before the 
results of his splendid work were appreciated. 

There is an important lesson in Mendel’s work for anyone who 
aspires to breed better livestock. It lies primarily in the fact that 
Mendel’s success was due in the final analysis to the fact that he kept 
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careful and complete records of the way in which his plants transmitted to 
their offspring generation after generation. He did not guess about , 
he did not just*try to remember. Mendel set the facts down as they 
occurred and at the end of the 8-year experimental period, with his 
records before him, he made one of the most significant discoveries 

ever made by man. . . , , 

Like many other natural phenomena, the matter of heredity yielded 

to a fairly simple interpretation. Mendel’s success was due in large 
measure to the fact that he reduced his problem to its very simplest 



FIGURE 43. Gregor Mendel, the discoverer of the laws underlying inheritance. 


form by studying one pair of contrasted characters at a time, coupled 
with the fact that he was fortunate enough to work with characters 
that were determined by genes carried in different chromosomes. 

As we have already learned, Mendel’s discovery was duplicated in 
1900 by three botanists, DeVries, Correns, and von Tschermak, work¬ 
ing independently. Mendel’s work laid the basis for the later establish¬ 
ment of the two primary laws of heredity, namely, those of segregation 
or separation and of independent assortment. Since 1900, the follow¬ 
ing secondary laws have been added: linkage, crossing over, linear 
order, interference, and limitation of the linkage groups. For the sake 
of clarity and unity, all the phenomena of heredity, based on the 
reactions of genes, are generally known under the collective term 
Mendel ism. 
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MENDELIAN TERMS 

The following are some of the terms now in general use in referring 
to Mendelian phenomena. 6 

Unit Characters. These are any characters of any organism that 
behave as a unit in heredity—plant size in peas, horns in cattle, and 
so on. 

Dominant. 1 This is a character, possessed by one of the parents of a 
hybrid, which is manifested in the hybrid to the apparent exclusion of 
the contrasted character from the other parent (the recessive). Thus 
in a cross of green- and yellow-seeded peas, the first generation has 
yellow seeds. Yellow is dominant and green is recessive, being trans¬ 
mitted but not appearing in the presence of the factor for yellow. 

Genes. These are the units of heredity found in the chromosomes. 
The gene for polled is designated as gene P. A pure-pollcd animal 
would, therefore, be represented as PP since it got gene P from each 
parent. A Pp animal would also be polled because polled is dominant 
over the recessive horned condition which would be represented by p 
and a horned animal genetically would be pp. 

Allele . 1 Mendelian characters arc inherited in alternative pairs 
(or series). These alternative forms of a gene, which arc located at the 
same point on each one of a pair of chromosomes, arc called alleles, 
for example, albinism (recessive), normal pigmentation (dominant); 
horns (recessive), hornlessness (dominant). (Allelomorph and allelic 
arc adjectival variants.) 

Hybrid. This term indicates the individual that arises from crossing 
parents which arc pure for certain different characteristics. Crossing 
polled PP on horned pp produces a hybrid Pp. 

Monohybrid. This is a hybrid that is heterozygous for one pair of 
allelic genes. Polled cattle PP crossed on horned pp gives a monyhybrid 

p p -. 

Dihybrid. This is a hybrid that is heterozygous for two pairs of 
allelic genes. Polled-black PP BB on horned-red pp bb gives a dihybrid 
Pp Bb. 

Trihybrid. This is a hybrid that is heterozygous for three pairs of 
allelic genes. AA BB CC X aa bb cc gives the trihybrid Aa Bb Cc. 

Phenotype. This is the expressed character (or sum of all the 
characters) of an organism, or what the animal looks like, or how it 
behaves. In cattle, both PP and Pp animals are polled, and therefore 
belong to the polled phenotype. 

1 Definitions taken from Glossary of Genetic Terms, U.S. Department of Agriculture 
Yearbook , 1936, pp. 153-164. 
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Genotype. This expresses what an organism actually is as deter¬ 
mined by its germ plasm; for example, PP and Pp cattle are both 
polled and their phenotype is polled, but they will transmit differently 
to their offspring, so they belong to different genotypes. 

Homozygote. 1 This organism is one whose parents contributed to it 
a similar member of any given pair of genes, and whose germ cells are 
therefore all alike with respect to the genes for that character. ( Homozy¬ 
gous , adjective.) A PP animal is homozygous. 

Heterozygote . 1 This is an organism to which its two parents have 
contributed unlike genes with respect to any given allelic pair govern¬ 
ing contrasted characters, and which in turn produces two kinds of 
germ cells with respect to the character. ( Heterozygous , adjective.) A 
Pp animal is heterozygous. 

Race . 1 This term describes a group of individuals having certain 
characteristics in common because of common ancestry—generally a 
subdivision of a species. 

Gamete. This is a reproductive cell of either sex; a sperm or ovum. 
P. Parental generation. (Do not confuse this with gene P for polled). 

F\. First hybrid generation, made by crossing P X P. 

F 2 . Second hybrid generation, made by crossing two F x 
hybrids. 

Haploid. Single; referring to the reduced number of chromosomes 
in the mature germ cells of unisexual organisms, sometimes designated 
by n for number. In man the haploid number of chromosomes is 24; 
cattle, 30; and so on. 

Diploid . 1 This type has two sets of chromosomes. Body tissues of 
higher plants and animals are ordinarily diploid in chromosome con¬ 
stitution (2 n). In man, diploid number of chromosomes is 48; cattle, 
60; and so on. 

Mendel secured some 34 more or less distinct varieties of peas and, 
before beginning his own experiments, subjected them to a 2-year 
trial to find out whether or not they would breed true to type. Know¬ 
ing that some characters of plants are transmitted unchanged to the 
hybrids and their progeny, and that one of each pair of contrasting 
characters of two plants appeared in the hybrid as the dominant 
character, whereas the other (recessive) reappeared in the progeny of 
the hybrid, Mendel planned his experiment to observe and record the 
proportion of each pair of differentiating characters in the succeeding 

V ‘ takei ?/r°7! Glossar >' o( Genetic Terms, U.S. Department of Agriculture 

Yearbook , 1936, pp. 153-164. 
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generations of hybrids and to deduce the law according to which they 
appear in the successive generations. 

Mendel chose to work with seven pairs of contrasted characters 
as follows: 


Form of ripe seed. 
Color of cotyledon 
Color of seed coat. 

Form of pod. 

Color of pod. 

Position of flowers 
Height of plant. . . 


Round or wrinkled 
Yellow or green 
Gray or white 
Inflated or constricted 
Green or yellow 
Axial or terminal 
Tall or dwarf 


In this list the dominant character is stated first. 

The results of segregation in the F 2 in those seven series of experi¬ 
ments by Mendel arc shown in Table 8. 

Mendel was dealing with strictly contrasting characters and got no 
intermediate or blending forms. The matter of personal bias or 
opinion was therefore obviated. The phenotypic ratio that Mendel 
secured in the F 2 with each pair of contrasted characters was in no 
case significantly different from 3:1. Many other investigations of 
single contrasting characters, one of which showed dominance, have 
yielded a similar 3:1 phenotypic ratio in the F 2 . 

Mendel carried some of the descendants of the above hybrids along 
through four to seven generations and reported that “no departure 
from the rule has been perceptible.” 


Table 8. Summary of Mendel's Experiments with Peas 


No. 

Character contrast 

No. 
in F t 

Dominants 

Recessives 

Ratio 

1 

Form of seed. 

7,324 

5,474 

1,850 

2.96:1.00 

2 

Color of cotyledons.. 

8,023 

6,022 

2,001 

3.01:1.00 

3 

Color of seed coats. 

929 

705 

224 

3.15:1.00 

4 

Form of pod. 

1,181 

882 

229 

2.95:1.00 

5 

Color of pod. 

580 

428 

152 

2.82 1.00 

6 

Position of flowers. 

858 

651 

207 

3.14:1.00 

7 

Length of stem. 

1,064 

787 

277 

2.84:1.00 

Totals. 

19,959 

14,949 

5,010 

2.99:1.00 


FIRST MENDELIAN LAW 

Mendel knew from experience that similar offspring for any quality 
could be secured only if both parents contributed the same thing in 
the ovule and pollen. He reasoned that the same mechanism must be 
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at work in the hybrids so that if the parents contributed different 
things in the ovule and. pollen, these would be passed along in equal 
numbers to the offspring of the hybrid, one-half the offspring would 
get one, the other half the other. 

This is the first Mendelian law and is known as segregation , or separa¬ 
tion. It means that any organism gets a complete set of chromosomes 
and genes from each parent but that, owing to the reduction of chromo¬ 
somes to one-half as the germ cells are formed, the organism passes 
along only one-half its total number of chromosomes and genes to 
each of its offspring. To be exact, it passes along one or the other mem¬ 
ber of each pair of chromosomes. You received 24 chromosomes from 
your father and 24 (a mate for each of these supplied by your father) 
from your mother. If and when you have children you will give them 
24 chromosomes, one or the other member of each of the 24 pairs 
which you have. This is sometimes called halving —heredity is a halving 
process. So segregation and halving mean the same thing. 

If we cross tall peas and dwarf peas, we could diagram the process 
as shown in Fig. 44. If we now cross two of the hybrids and remember 
that any ovule can be fertilized by any pollen, we get the diagram 
shown in Fig. 45 a or in checkerboard fashion as shown in Fig. 45 b. 


Tall Parent 
TT 

Transmits 

T 


Hybrid 

Offspring 


Dwarf Parent 
it 

Transmits 
/ 


A tall individual be¬ 
cause tallness is domi¬ 
nant 

FIGURE 44. Monohybrid cross in F\. 


The reader should constantly relate the principles of heredity we 
are now discussing with what is going on in the germ cells. For exam¬ 
ple, what we have just said about tall and dwarf peas can be dia¬ 
gramed as follows. Peas have seven pairs of chromosomes, but to save 
space we will show only one pair. Also there may be 100 or more other 
genes on the chromosomes, but we show only one. 

This hybrid will pass along to each offspring either the chromosome 
bearing gene T or that bearing gene /—not both. Heredity is a halving 
process due to the first Mendelian law—segregation. 
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Tall Hybrid X .. Tall Hybrid 

Tt * 77 

Transmits Transmits 



3 Tails 1 Dwarf 

FIGURE 45a. Monohybrid cross in F t . 



T 

t 

T 

TT 

Tt 

t 

Tt 

tt 


FIGURE 456. 


Tall Parent 
Male 


X 


Dwarf Parent 
Female 



Germ Cell Germ Cell 
Hybrid 


Gene T 



Gene / 


FIGURE 46. Genes in monohybrid cross. 
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We say that height of plant in peas is determined by the action of 
one pair of genes and have so diagramed it because we can explain 
this characteristic in peas using only one pair of genes. First we bred 
peas and got the breeding results. Then we formulated a theory to 
explain the results; we always use the simplest theory possible. If one 
pair of genes will explain the results, we do not use two pairs, although 
as we shall see later, we sometimes need two pairs, three pairs, or many 
pairs to explain the breeding results which we have gotten. 

At certain times during cell division when we look at the stained 
chromosomes through the microscope they look like strings of beads. 
The beads we call genes. Unfortunately, the beads, or genes, carry no 
labels. The genes T and t in peas are not labeled as such; we cannot 
tell them apart by looking at them, but we can breed true breeding 
strains of tall peas or dwarf peas because of our theory of genes. The 
theory explains what has happened in the past and what can be made 
to happen in the height of peas of the future. 

As we have seen, when one character is dominant to another we get 
all dominants in the F u or first hybrid generation, and a ratio of 3 
dominants to 1 recessive in the F 2 generation made by crossing two 
F\ hybrids, the TT and Tt plants being tall and the tt plants dwarf. 
This is a phenotypic ratio—what the plants look like. Actually 
the genotypic (what they arc genetically) ratio is 1:2:1, that is, 

1 TT:2 Tt: \ tt. When dominance prevails we cannot tell TT and Tt 
plants apart; they both grow tall. The best way to tell them apart is to 
cross them with tt or dwarf plants. The TT plants will yield all tall 
offspring and Tt plants will give H tall and H dwarf offspring, or tall 
and dwarf offspring in equal numbers. 

The practical aspects of this lesson should not be overlooked, 
namely, you can seldom tell from looking at an animal how it will 
breed or transmit. What it looks like is its phenotype. But how it will 
breed depends upon its genotype and the two are not necessarily the 
same. 


LACK OF DOMINANCE 

As just noted, the F 2 of a monohybrid (a plant or animal heterozy¬ 
gous or mixed in one pair of genes) gives a 3:1 phenotypic ratio if one 
gene of the pair is dominant and the other recessive. If dominance is 
lacking, there will not be a 3:1 ratio in F 2 . In Shorthorn cattle, coat 
color behaves as though it were controlled by one pair of genes with 
no dominance. A red Shorthorn is RR and a white Shorthorn rr. If we 
cross a red and a white Shorthorn, the red contributes gene R and the 
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white gene r. The cross is, therefore, Rr and it is neither red nor white 
but a mixture of red and white; in short, it is a new color pattern, 
roan. So here the phenotypic ratio and the genotypic ratios are the 
same, 1 RR (red):2 Rr (roan):l rr (white). Lack of dominance is an 
advantage to the breeder because of this. He need no longer be con¬ 
fused about genotypes because the color of the animal tells him what 
the genetic make-up of the animal is for color. TT and Tt peas look 
the same; we cannot tell one from the other by looking at them, but 
only by breeding from them. But RR and Rr Shorthorns are different; 
the first is red, the other roan and, of course, the white Shorthorn wc 
know is rr. 


SECOND MENDELIAN LAW 

Mendel crossed round peas with wrinkled peas and got all round 
peas in the F\ of this cross and 3 round to 1 wrinkled in the F 2 genera¬ 
tion. He crossed plants having yellow cotyledons (first leaves) with 
those having green cotyledons and got all yellow cotyledons in the F\ 
cross and 3 yellow to 1 green in the F 2 . The next thing to do, of course, 
is to work with both characters at the same time. This Mendel did. 
He crossed plants with round seed and yellow cotyledons with those 
which had wrinkled seed and green cotyledons. In the Fi he got 
nothing but round seed and yellow cotyledons. But when he made the 
F 2 by crossing some F\S together he got the following results: 

315 round and yellow 
108 round and green 
101 wrinkled and yellow 
32 wrinkled and green 

We know that the genes for round ( R ) and wrinkled (r) segregate 
according to the first Mendelian law so that one-half the offspring of 
the Fi get gene R and the other half get gene r. We know the same 
thing about the genes for cotyledon color Y (yellow) and y (green). If 
these two things happen independently of each other, then gene R can 
find itself with gene Y or gene_y and so can gene r. The germ cells pro¬ 
duced by the F x hybrid of the round, yellow X wrinkled, green cross 
would then be RY , Ry , rY and ry in approximately equal numbers. 
Now if we set these gene combinations down and tally the results of 
any germ cell fertilizing any other of the opposite sex (illustrated by 
arrows for the first pollen type and remember that any combination 
of four letters containing at least one R is round seed, containing at 
least one Y is yellow cotyledon) two r’s is wrinkled and two y *s is green 
cotyledon, as shown in Table 9. 
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Table 9. Dihybrid Ratio 


Male 
parent 
germ cells 

Female 
parent 
germ cells 

Tally 

Total 

r>ir _ ^ 

RY 

Ry 

rY 

ry 

111111111 

111 

111 

1 

9 round yellow 

3 round green 

3 wrinkled yellow 

1 wrinkled green 

ry * 


Mendel’s actual results were 315 round, yellow; 108 round, green- 
lOi wrinlded, yellow; 32 wrinkled, green. This is a total of 556 plants! 
Dividing 556 by 16 gives us 34.75, so that the expected ratio of 
9:3:3:1 for 556 plants becomes 312.75:104.25:104.25:34.75. The 
slight variation of what Mendel actually got from what is theoretically 
expected is due purely to chance. 

Thus Mendel demonstrated with statistical evidence that the 
chromosomes do assort independently so that the second law of 
heredity is independent assortment of chromosomes , as illustrated with the 
above dihybrid cross. Independent assortment simply means that the 
fact that one chromosome of a pair goes to one germ cell has no influ¬ 
ence on which member of any other pair goes to that cell. This to a 
large extent is what breeders base their operations on. No animals arc 
perfect. We mate animal A (good in some respects, not so good in 
others) with animal B (good where A is not so good) and hope for two 
things: (1) that their offspring X will be better than its parents, and 
(2) that it will pass along a combination of good things of its parents 
A and B to its own offspring. Again refer this in your mind to the germ 
cells. 

The operation of this second law is what makes breeding advance 
possible, for because of it, it is possible to make entirely new combina¬ 
tions of the better qualities of our animals. 

This second law of heredity provides for new shufflings of heredity 
at each generation. If an organism is Rr Yy> we can and do get RY , 
Ry y rY , and ry in its germ cells. In short, we get all the possible samples 
of its heredity. We see then that heredity is a sampling process. We 
learned from the first law of heredity that it was a halving process and 
we now add sampling so that in its simplest terms heredity is a halving 
and a sampling process. It is something like partnership game of cards. 
In bridge, you and your partner each got a sample quarter of the deck 
of 52 cards. Sometimes the hands fit together well and you bid and 
make a grand slam—but not often. 
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Pi 


White Disc 



Yellow Sphere 


Fi 



White Disc 






White Disc 


White Disc 



White Disc 


White Disc 




White Disc White Disc White Disc 

; 

i 



L Yellow Disc Yellow Disc Yellow Disc 



White Sphere 



White Sphere 



White Sphere 



Yellow Sphere 


FIGURE 48. The inheritance of two pairs of characters in summer squashes, illus¬ 
trating Mendcl*s law of independent assortment. White is dominant over yellow and 
“disk” shape over “sphere.” In F t there result %6 white, disk; white, sphere; 

yellow, disk; and Ho yellow, sphere plants. ( Sinnott , Dunn , and Dobzhansky , 
“Principles of Genetics," 4th ed., page 61) 
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If both characters of a dihybrid show dominance, the ratio in 
the F 2 will be 9:3:3:1 phenotypically, which is the square of the 
monohybrid ratio of 3:1. Mendel also worked with three pairs of 
characters at a time and got a ratio closely approximating (3 :1 ) 3 , or 


One Parent Other Parent 



FIGURE 49. Chromosomes in dihybrid cross assorting independently. 

27:9:9:9:3:3:3:1. But to go back to the phenotypic and genotypic 
ratios of our dihybrid we had, you remember, nine plants that were 
round and yellow. All nine belonged to the round, yellow phenotype. 
But those nine included four different genotypes, namely, RR YY, 

_ 9 

WW 

Tiwnwmfflu 

*v 9 9 9 8 as* 

FIGURE 50. Inheritance of polled, white face, and black body characteristics and 
their allelomorphs in an Angus-Hcrcford cross through Ft. 

RR Yy, Rr YY and Rr Yy. These four, while looking alike, would, of 
course, not breed alike. 

If dominance exists in both pairs of genes involved in a dihybrid 
cross, the F 2 phenotypic ratio will be 9:3:3:1. If it exists in one pair 
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of genes but is lacking in the other, a different ratio will result. In 
cattle, polled is dominant to horns, but in Shorthorns neither the red 
color nor the white color is dominant, as we saw earlier. If we cross a 
Polled Red Shorthorn with a Horned White one, we would have: 

PP RR X PP rr 

Pp Rr a Polled Roan 

If we mate the F 2 from this we get the following ratio: 

3 Polled Red 1 Horned Red 

6 Polled Roan 2 Horned Roan 

3 Polled White 1 Horned White 

And if we had both qualities lacking dominance our ratio would 
become 1:2:2:4:1:2:1:2:1. 


ASPECTS OF DOMINANCE 

In the early part of the twentieth century, soon after the rediscovery 
of Mendel’s laws of heredity, there was a tendency toward oversimpli¬ 
fication of the theory. That is to say, there was a tendency to think of 
each characteristic as determined by one gene only. It was thought 
by some, for instance, that milk production depended on a single pair 
of genes and that, to secure high milk yields, all that would be neces¬ 
sary would be to get the correct member of the pair present in homozy¬ 
gous form. We arc now aware of the fact that perhaps in most instances 
many or all the genes (together with the environment) may interact to 
bring out the character. 

In like manner the idea of dominance held full sway in the early 
days of genetics. We now recognize that dominance is a relative rather 
than an absolute term. For example, brown eyes in man are dominant 
over blue, but the blue-eyed condition is in turn dominant over red 
or pink eyes (albinism). Whether blue eyes are dominant or recessive 
depends, therefore, on what the characteristic is to which they arc 
being contrasted. There are varying degrees of dominance, from com¬ 
plete dominance to an entire lack of dominance. 

The results from crossing tall and dwarf peas; smooth-black and 
rough-white guinea pigs; or polled, black-bodied, black-faced and 
horned, red-bodied, white-faced cattle are clear-cut because in every 
instance one character was wholly dominant over its allele. If, how¬ 
ever, a cross is made between a red Shorthorn and a white one, the 
result is a roan (mixture of red and white hairs) color pattern. Like¬ 
wise a cross between a black fowl and a white one gives the typical 
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Blue Andalusian pattern, and a cross between red- and white-flowered 
four-o’clocks gives a pink hybrid. In these cases, dominance is lacking, 
and hybrids of this sort never breed true to their own phenotypic 
appearance because their phenotypic character is due to the inter¬ 
action of two genes, whereas they can transmit only one gene or the 
other to any one offspring. 

Dominance may at times be quite variable, depending upon the 
presence or absence of certain supplementary genes, and finally a 
characteristic may act as a dominant in one sex (baldness in man) and 
as a recessive in the other. It is seen, therefore, that the idea of domi¬ 
nance is not the simple thing it was at one time supposed to be. 

Occurrences such as the roan pattern in Shorthorn cattle were 
formerly often spoken of as blending inheritance , though the term went 
out of use as the discrete nature of the genes became recognized as 
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FIGURE 51. Checkerboard of F 7 cross between a polled, black-faccd, 


probable. The fact that, when large races of animals arc crossed with 
small ones, offspring result which are intermediate in size induces 
some still to speak of these offspring as being a blend of the two parent 
races. In terms of chromosomes and genes, of course, they arc, but it is 
now fairly apparent that most of the commercially valuable characters 
of our animals are determined by the interaction of scores or hundreds 
of genes rather than by one or two pairs. In this sense, such crossing 
does result in a blending effect of many genes, although the genes 
themselves remain discrete bodies. It is fortunate that heredity is not 
blending in nature, for if each individual were an average of its two 
parents, the entire population would be almost completely uniform in 
a few generations. Dominance generally behaves in the same manner 
in closely related species, and in most mammals the albino (recessive) 
gene is the same. However, a characteristic that is dominant in one 
species may be recessive in another; for example, black is dominant 
over white in guinea pigs, but in farm pigs we have learned by experi- 
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ence that white is dominant over black. The expression of dominance 
may also be influenced by the environment, age, sex, and by other 
genes in the organism. In short, dominance is variable with many 

gradations. » t 

The fact that a certain gene is dominant does not mean that tnat 
gene will automatically become more frequent in a population than its 
allele, the recessive. If all cattle in the world were now heterozygous 
for the polled condition (all Pp) and they interbred at random, the 
number of P and p genes in cattle would remain the same; they would 
stay 50:50. The only way to increase the polled P gene would be to 
select for that gene and select against the horned p gene. Only selec¬ 
tion can change the proportions of genes. 

The nature of the recessive condition has also been a much-debated 
question. Some authorities claimed that the recessive gene was a 
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black-bodicd Angus and a horned, while-faced, red-bodied Hereford. 


definite entity, others that the reccssives indicated losses of genes. A 
great deal of evidence from several sources now makes it certain that 
reccssives arc caused by the action of definite entities (genes), just as 
are dominant characteristics, and that the idea of considering reces- 
sives as losses of genes is not sound. 

The student should try to appreciate fully that the facts of breeding 
came first, theories to explain them second. Genetics is but a system¬ 
atic arrangement of breeding facts together with theories that offer a 
logical explanation. Any theory must do two things: (1) explain past 
facts, and (2) allow us to prognosticate. All the types of heredity to be 
discussed later are backed by a multitude of facts. As soon as a new 
fact is discovered, which cannot be fitted into the presently accepted 
theory, that theory will have to be supplanted by one which will 
accommodate all the old plus the new facts. This revision of theory 
has been necessary many times in the past short life of genetics. 

You are now acquainted with the two principal laws of heredity. 
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A few additional principles have been discovered since Mendel’s time 
and we will consider them in the next chapter. 


SUMMARY 

Heredity is under the control of pairs of particles called genes, which 
are located in chromosomes found in the nuclei of germ or reproduc¬ 
tive cells. Genes retain their identity at all times whether they arc 
expressed phenotypically or not. There are two primary laws of 
heredity. The first of these is segregation, which simply means that 
the chromosomes supplied an organism by each of its two parents 
segregate or separate as germ cells are formed so that each particular 
cell contains one of the other member of each pair of chromosomes 
that the individual had. There follows from this the second primary 
law of heredity, namely, that of independent assortment. This law 
simply states the fact that the distribution of chromosomes in the 
formation of germ cells is at random, with the added stipulation, of 
course, that one or the other member of each pair of chromosomes 
must go to each germ cell. Independent assortment brings it about 
that many new combinations of grandparental qualities arc possible 
and probable, since new combinations of these arc made up in the 
germ cells of the immediate parents of any animal. 


QUESTIONS 


1 . 

2 . 

3. 

4. 

5. 


6 . 


7. 


8 . 


9. 


To what was Mendel’s success due? 

Define gene, allele, hybrid, phenotype, genotype. 

State Mendel’s first law of inheritance. 

State Mendel’s second law of inheritance. 

If notch car were due to a dominant gene and defective udder to a 
recessive, how would you eliminate them from a herd? Which would be 
easier to get rid of? 

Note: Rough coat and black coat arc dominant. 

If a homozygous rough-coated animal is crossed with a smooth one, 
what will be the appearance of the Fi ? Of the F 2 ? Of the offspring of a 
cross of the F\ back on its rough parent? On its smooth parent? 

A certain rough-coated guinea pig bred to a smooth one gives 8 rough 
and 7 smooth offspring. What arc the genotypes of parents and offspring? 
Two rough-coated guinea pigs when bred together produce 18 rough 
and 1 smooth offspring. What are the genotypes of the parents? 

Note: Polled or hornless condition in cattle (P) in dominant over horned 

(/>)• 

A certain polled bull is bred to three cows. With cow A, which is horned, 
a horned calf is produced; with cow B, also horned, a polled calf is pro- 
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duced; and with cow C, which is polled, a horned calf is produced. 
What are the genotypes of all these four animals and what offspring 
would you expect from these three matings? 

10. Note: In Shorthorn cattle the heterozygous condition of red coat color 
( R) and white (r) is roan. 

If two roan Shorthorn cattle are mated, what chance will their offspring 
have of resembling their parents in coat color? 

11. If a homozygous polled, white animal is bred to a horned, red one, what 
will be the appearance of the Fi? Of the Ft? Of the offspring of a cross of 
the F\ with the polled, white parent? With the horned, red parent? 

12. Note: In man, brown eyes ( B ) arc dominant over blue (6). A brown- 
eyed man marries a blue-eyed woman and they have eight children, all 
brown-eyed. What are the genotypes of all the individuals in the family? 

13. Assume that in man, right-handedness ( R ) is dominant over left-handed¬ 
ness (r). A right-handed man whose mother was left-handed marries a 
right-handed woman who has three brothers and sisters, two of whom 
are left-handed. What chance will the children of this marriage have of 
being left-handed? 

14. In swine, white coat is dominant over black and the “mulc-footcd” 
condition over that with normal feet. A white, mule-footed boar, A, 
always produces white, mulc-footcd offspring, no matter to what sow he 
is bred. Another boar, B, however, also white and mulc-footcd, when bred 
to black sows produces about white and black offspring, and when 
bred to normal-footed sows, about mulc-footcd and normal 
offspring. Explain this difference between these two animals by com¬ 
paring their genotypes for these two traits. 

15. NOTE: In poultry, feathered legs ( F) arc dominant over clean (/); and 
pea comb (P) over single comb (p). 

Two cocks, A and B, arc bred to two hens, C and D. All four birds are 
feather-legged and pea-combed. Cock A with both hens produces off¬ 
spring which arc all feathered and pea. Cock B with hen C produces both 
feathered and clean but all pea-combed, but with hen D produces all 
feathered but part pea-combed and part single. What arc the genotypes 
of these four birds? 

16. If one individual is homozygous for two dominant factors and another 
for their two recessive allelomorphs, and if these two individuals are 
crossed, what proportion of the F 2 from this cross will resemble each 
parent, respectively, in appearance? 



Chapter 13 


SECONDARY LAWS Linkage 

Crossing Over 

OF HEREDITY Linear Order of the Genes 

Chromosome Maps 

Final Two Secondary Laws of 
Heredity 

Application to Farm Animals 

1 he previous chapter dealt with the two primary laws of heredity, (1) 
segregation and (2) independent assortment. Every animal has a 
double set (pairs) of all the chromosomes of its species, but it transmits 
to its offspring only one complete set, one or the other member of each 
pair of chromosomes. This is segregation and is the result of the fact 
that reduction to one-half the species number of chromosomes occurs 
as the germ cells arc being formed, the normal number again being 
restored when a sperm with the one-half number fuses with the egg 
with the one-half number at fertilization. 

Independent assortment means that if the paternal chromosome 
of the first pair goes to a certain germ cell, cither the paternal or 
maternal member of the second pair can go to that germ cell and so on 
through all the pairs of chromosomes. You have 24 pairs of chromo¬ 
somes, one member of each pair having been supplied by your father, 
the other by your mother. So you might transmit in a germ cell all 24 
chromosomes you got from your father and 0 chromosomes that you 
got from your mother. Or you might transmit 23 from your father and 
1 from your mother; 22 from your father and 2 from your mother; 
and so on down to 0 from your father and 24 from your mother. These 
combinations of paternal and maternal chromosomes follow the law of 
the expanded binomial so that the extreme cases cited occur very 
rarely, while in the great majority of cases the germ cells contain about 
one-half paternal and one-half maternal source chromosomes. 

Since the rediscovery of the two primary Mcndclian principles in 
1900, several additional or secondary laws have been discovered. 
They do not replace or displace the basic two, but merely expand or 
amplify them. 
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LINKAGE 

When Mendel made his dihybrid cross of round-seed yellow cotyle¬ 
don with wrinkled-seed green cotyledon, he discovered the primary 
law of the independent assortment of the chromosomes. He was able 
to do this because the two qualities he was studying were determined 
by dominant genes which were located in different chromosomes. 
Since the chromosomes always assort independently, so characters 
will assort if they are controlled by genes which lie in different 
chromosomes. 

There are hundreds of genes in each chromosome. It was inevitable, 
therefore, that eventually, someone would be working with two char¬ 
acters that were controlled by two genes which were located in the 
same chromosome, rather than in different chromosomes. When this 
happened, and even though there was dominance in both characters, 
the nice 9:3:3:1 ratio would not be secured in the F 2 . 

This happened in 1906 when Bateson and Punnett in England were 
breeding sweet peas. Because crosses of purple (dominant) and red had 
given a 3 purple to 1 red ratio in the /*' 2 , and long pollen grains 
(dominant) and round had also given a 3:1, long to round ratio in F 2l 
it was expected that a cross of purple-long with red-round would 
give a 9:3:3:1 ratio in F 2 . Instead of this Bateson and Punnett 
secured the results shown in Table 10. 


Table 10. Expected and Actual Ratios in Sweet Pea Cross 


Characteristics 

No. got 

Ratio 

No. expected 

Ratio 

Purple, long. 

4831 

12 

3910.5 

9 

Purple, round. 

390 


1303.5 

3 

Red, long. 

393 

m 

1303.5 

3 

Red,round. 

1338 

3 

434.5 

1 

Totals. 

6952 


6952.0 



It is evident from the above tabulation that these two characters of 
sweet peas did not follow the second Mcndelian law and assort into 
all the possible combinations in an independent fashion. The two 
things that went in together from the grandparents, purple and long 
from one grandparent and red and round from the other, tend to be 
held together so that we get more of these combinations than we 
expected in the F 2 and fewer than expected of the new combinations, 
(purple and round, red and long). Since the characters tend to stay 
together, this feature of heredity is called linkage. 
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The genes for color of flowers (purple or red) and for shape of pollen 
grain (long or round) are located in the same chromosome and, there¬ 
fore, tend to be passed along together. This is diagramed in Fig. 52. 

Parents 

s© ©as? 

f (T) 0(rsp , rin e CD / 

Germ Cells Jl Germ Gclls 
Gene R /fi\ Gene r 
Gene L Gene l 

FIGURE 52. Dihybrid cross involving linkage. 


CROSSING OVER 

Bateson and Punnctt did get some new combinations in the above 
cross although not as many as expected according to the law of inde¬ 
pendent assortment. They expected 2,607 and got only 783. The new 
combinations do occur, but less frequently than expected. This makes 
it appear that the chromosomes do not always remain intact, but that 
somehow part of one chromosome has joined up with part of its mate 
and vice versa. The possibility for this sort of thing is suggested in the 
fact described in Chapter 11, The Physical Basis of Heredity, and 
called synapsis. The first step as germ cells are about to be formed in the 
testes or ovaries of an animal consists of the paternal and maternal 
members of each pair of chromosomes being attracted to each other, 
conjugating or coming to lie close to each other and also twisting about 
each other, like twisting two small pieces of rubber tubing in your 
hands. Next, each chromosome reproduces itself, each forming two 
sister chromatids. The two joined homologous chromosomes, each 
having doubled, forms a bundle of four chromatids called the tetrad. 
When the bundle of four chromatids untwist, there may be an equal 
interchange of chromatin material (genes) between two nonsister 
chromatids. This is the mechanism of crossing over. It has been proved 
to happen by investigators finding chromosomes with some dis¬ 
tinguishing mark so that they could be recognized when seen again 
under the microscope. Thus we have proof that the chromosomes 
(nonsister chromatids) do sometimes interchange parts with their 
mates. 

In the case of the purple-long cross with red-round, we have dia¬ 
gramed what happened in Fig. 53. 



169 


SECONDARY LAWS OF HEREDITY 


You remember that in the preceding chapter we illustrated inde¬ 
pendent assortment with Mendel’s original dihybrid cross of peas, 
using round-seed yellow cotyledons to cross with wrinkled-seed green 
cotyledons, and we wrote the former as RR YY , the latter as rr yy, and 
the hybrid as Rr Yy. That system of symbols is all right when the genes 
are in different chromosomes. But now where we are dealing with 
genes that are in the same chromosome and showing linkage, we 
should indicate in our system of notation that they are in the same 
chromosome. Therefore, for the above illustration of the cross of purple- 
flowered long pollen with red-flowered round pollen, we would use 
this sort of notation: purple-long = (PL)(PL), red-round = (pi) 
(pi), and the F x hybrid = (PL)(pl). Putting the two linked genes in 
parentheses thus indicates that they are linked. 


Purple (f~f) rcd 
Long \$jv/ round 
Hybrid 


Purple /G\ 
round 

Synapsis 


red 

Long 


Purple red 

round \9jy Long 
New Chromosomes 


FIGURE 53. Crossing over. 


We would like to know how often the linked genes do cross over into 
the new combinations at the time of synapsis, and the best way to do 
this is to state it on a percentage basis. It can be done from the figures 
derived from the F 2 generation, but this involves the use of a somewhat 
complicated formula. A much simpler way is not to use two P\ hybrids 
to produce the F 2 , but to cross an F x hybrid to the double recessive, 
instead of mating (PL)(pl) with (PL)(pl) to mate (PL)(pl) with 
( pl)(pl ). The latter is known as the backcross , or test cross . What we are 
interested in is learning what kind of germ cells the hybrid produces 
and in what proportion. The advantage of the backcross is that there 
are no dominant genes in the double recessive to hide or cover up what 
kind of germ cells are being produced in the hybrid. 

The fruit fly (pomace fly or vinegar fly), whose proper name is 
Drosophila me/anogaster, has been of inestimable value as an experimen¬ 
tal species in discovering the secondary laws of inheritance. This little 
insect is found almost everywhere and especially where there is a bit 
of decaying fruit. Breeding experiments with the fruit fly were started 
by Dr. T. H. Morgan and his students at Columbia University in the 
early 1900’s. From a practical standpoint, the fruit fly is an ideal 
species for this kind of work because it is inexpensive to feed, house 
and manage; and from the scientific angle it is ideal because it has 
only four pairs of chromosomes and can have almost an infinite num¬ 
ber of descendants in its 25 or more generations each year. 

In the fruit fly, gray body is dominant to black body and long wings 
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are dominant to short vestigial wings; these genes are in the same 
chromosome and will, therefore, show linkage and crossing over If 
we mate a gray, long (GL)(GL) fly with a black, short (gl)(gl), the I<\ 
hybrid will be gray, long (GL)(gl). If we mate a male hybrid ( GL)(pI ) 
to the double recessive (gl)(gl), we get only gray, long (GL)(gl) and 
black, short (gl)(g/) offspring. In the male of the fruit fly, linkage is 
complete; we get no new combinations, no crossing over between the 



I' l^URE 54. Crossover at y with resulting crossing over between the genes C and L, 
thus resulting in the production of germ cells containing CL , 67, gL, and gl genes. 

paired chromosomes. Why this is so, wc do not know and it seems not 
to happen in the males of other species. 

But if wc take a female hybrid ( GL)(gl) and mate her to a double 
recessive male (gi)(gO> w c get the new combinations indicating that 
crossing over has taken place. Actually, wc get 42 per cent gray, long 
(GL)(gl ); 42 per cent black, short (g/)(gl); 8 per cent gray, short 
(G0(g0> anc * 8 per cent black, long (gL)(g/). To find the percentage of 
crossing over, we add the new combinations 8 -f 8, or 16, and divide 
by the total offspring 42 + 42 + 8 + 8, or 100, and the percentage of 
crossing over is 16. In short, in 16 out of 100 germ cells in the fruit fly, 

T 7P eI fypen Typem TypeEf 

*2 12 12 12 

A \o a| | a Al a A \a 

B Jb Bj b b| B b B 

c ! c c ! I c c| c c Ic 

Non- Two types of Double 

crossovers single crossovers crossovers 

FIGURE 55. Single and double crossing over. 

the chromosomes bearing these genes interchange material; in 84 they 
do not. Many studies in small animals and plants have shown a great 
variety of crossover values for different linked genes. Many cases of 
double, or triple, or even higher degrees of crossing over are known. 
This is diagramed in Fig. 55. Let’s remind ourselves again that the 
chromosomes always assort independently according to the second 
primary law of heredity. Genes and characters will also assort inde- 
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pendently if they are in different chromosomes, but if they are in the 
same chromosome they will show various degrees of linkage and cross¬ 
ing over. .. 

There can be no doubt that linkage and crossing over occur in an 
our farm animals as well as in ourselves. We know little or nothing 
about them in a practical way for the very simple reason that we can¬ 
not get enough offspring in the large animal species to demonstrate 
these features of heredity. 

The percentage of crossing over between two genes is the reciprocal 
of the strength of the linkage between them. For example, if the 
crossover percentage between genes a and b is 10, then the strength of 
the linkage between them is 90. 

LINEAR ORDER OF THE GENES 

This is the third of the secondary laws of heredity. It grew out of the 
first two, linkage and crossing over. If we assume, as seems to be the 
case, that the maternal and paternal chromosomes, after synapsis and 


5% ov. 10% 



FIGURE 56. Locating gene C when crossover percentage between A and B is 5 per 
cent and that between B and C is 10 per cent. 


when they begin to unravel, can break as easily at one point as at 
another to form a new combination with the opposite chromosome, 
then it is readily seen that the closer together two genes lie in the 
chromosome, the less likelihood there is of a break occurring between 
them. Likewise, the farther apart two genes lie in the paired chromo¬ 
somes, the greater the likelihood of a break occurring between them. 

For example, it has been found by Morgan and his coworkers that 
the crossover percentage between the genes for yellow body color and 
white eyes is 1.5, and that between white eyes and bifid wings it is 
5.5. Further crosses involving yellow body color and bifid wings gave 
a crossover value of 7.0 per cent. Now the simplest explanation of these 
results is that these genes lie in a straight line, for no other geometric 
configuration can explain the results equally well. If, therefore, we 
know that three genes are in the same chromosome, because they all 
show linkage with each other, and breeding results show that the 
crossover percentage between genes A and B is 5 and that between B 
and Cis 10, then we can predict that the crossover percentage between 
A and C will be either 1 5 or 5. It will be cither the sum or the differ- 
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FIGURE 57. Linkage map for Drosophila melanogastn , showing relative positions of 
many of the known genes in the chromosomes as determined genetically. The letters 
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ence of the two already ascertained crossover percentages, depending 
on which side of B the gene C happens to lie. 

The above procedure in locating genes in a line on the basis of 
crossover percentages holds good only when we are dealing with genes 
lying fairly close together, for, if they are far removed from each other, 
there may be double or multiple crossing over that would becloud the 
actual situation. On the basis of crossover percentages, some of the 
chromosomes in the fruit fly are over 100 units long. 

CHROMOSOME MAPS 

By means of linkage studies, genes can be located in specific chromo¬ 
somes; and, on the assumption that crossing over is as likely to occur 
at one point as at another in the chromosome, they can be located at 
definite points in the chromosome. The unit of distance is taken as 1 
per cent of crossing over, so that if gene B shows 5 per cent of crossing 
over with gene A, it is placed 5 units away from A. Obviously genes 
that are 100 units removed from each other do not show 100 per cent 
of crossing over. Thus genes “star” and “speck” in the second chromo¬ 
some in the fruit fly are 105 units apart on the maps (Fig. 57) but 
show a crossover value of only 48.7 per cent because of double and 
multiple crossing over. These long distances between genes are arrived 
at by summating the crossover percentages of genes lying fairly close 
together between the widely separated genes. 

The chromosome map of the fruit fly is the most complete at present, 
but that of the 10 chromosome pairs in corn is growing rapidly. These 
maps have grown out of thousands of breeding experiments and must 
be acknowledged as among the most ingenious things that the mind 
of man has ever contrived. Some 500 to 600 different mutant charac¬ 
ters have been discovered in the fruit fly—and the fact that a map, such 
as shown in Fig. 57, can be made for this tiny organism is certainly an 
amazing accomplishment. If one wanted fruit flies with certain com¬ 
binations of characters, he could write to a laboratory carrying on 
experimental breeding with this organism and state his wishes. If 
such flies were not then available, they could very soon be created, 
much like taking a prescription down to the druggist for him to fill. 


in parentheses indicate the portion of the fly in which the characters appear: B, 
body, E , eye; //, hairs; W y wings. The arrows indicate positions of spindle-attach¬ 
ment regions. In the Y chromosome, “long bristled,” which is the normal allelomorph 
of “bobbed,” and the two factors for male sterility have not been precisely located. 
In chromosome IV the genes are all very closely linked. (From Sharp , adapted from 
Morgan , Sturtevant , and Bridges , 1925, and Stern , 1929) 
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FINAL TWO SECONDARY PRINCIPLES OF HEREDITY 

The final two secondary principles of heredity are called interference 
and limitation of the linkage groups. The former simply means that if 
a break between the maternal and paternal chromosomes of a pair 
occurs at synapsis at a certain point, the nearby areas of those chromo¬ 
somes will not show a break and consequent crossing over of genes but 
that breaks may occur at greater distances from the first break where 
the chromosomes twist about each other. 

The final principle is that called limitation of linkage groups. This sim¬ 
ply means that if a species has 4 pairs of chromosomes, as does the 
fruit fly, there will be 4 sets of linked genes, 1 set for each pair of 
chromosomes. In corn with 10 pairs of chromosomes, there arc known 
to be 10 linkage groups. In the mouse there are 20 pairs of chromo¬ 
somes and so far 15 linkage groups are known. In the rabbit there are 
22 pairs of chromosomes and thus far 11 linkage groups of genes arc 
known. This final principle simply means that there will never be 
more sets of linkage groups in any species than there are pairs of 
chromosomes. 

The chromosomal, or gene, theory of heredity is thus seen to con¬ 
sist basically of the two laws of segregation of chromosomes (halving) 
and independent assortment of chromosomes (sampling), which we 
studied in the preceding chapter, and the five secondary laws treated 
in this chapter. The second law states that the chromosomes always 
assort independently, which they do. If characters are determined by 
genes located in different chromosomes, these characters will also 
assort independently. But the laws considered in this chapter state 
that if the genes for two characters arc located in the same chromo¬ 
some, they may not assort independently into all the new combina¬ 
tions, or if they do show up in the new combinations, these will not be 
so numerous as they would be if the genes were located on different 
chromosomes. From the amount of crossing over between two genes 
(stated as a percentage), it has been possible to plot the actual location 
of many genes in the chromosomes of many plants and small animals. 
This is possible because the genes lie in a straight line from end to end 
in each chromosome. If a break or crossover occurs at a given point, 
the nearby areas of these chromosomes will not show crossing over 
among genes, and finally the number of linkage groups of genes never 
exceeds the number of pairs of chromosomes. 

APPLICATION TO FARM ANIMALS 

The foregoing principles of heredity have been worked out from 
breeding experiments with plants, insects, or small laboratory animals. 
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These species reproduce rapidly, have large numbers of offspring, 
small numbers of chromosomes, and are inexpensive to grow. None 
of these three features holds with our larger farm animals. 

The principles have been and are being used, however, to explain 
various types of inheritance in the larger farm mammals. Up to the 
present, no contradictions to established principles have been found, 
although in many instances the principles must be applied in general 
rather than in specific ways. Unfortunately, in the higher animals we 
have large numbers of chromosome pairs and small numbers of off¬ 
spring. This, together with the fact that the environment is so diverse 
and its influence in many cases so great, leads to many difficulties in 
applying the known principles in a specially detailed manner. 

SUMMARY 

This chapter completes the discussion of the laws or principles of 
heredity. A chromosome may contain or be made up of several 
hundred genes. While the genes are the units of heredity, they are 
transmitted to offspring in groups (chromosomes). There being many 
genes in the chromosomes means that sometimes genes determining 
two different characters will not show independent assortment but 
will tend to stay together, to be transmitted together because they arc 
located in the same chromosome. This is called linkage. However, 
there may be an equal interchange of material between nonsister 
chromatids; and if the point of interchange lies between the genes 
being studied, some new combinations of characters will result. This, 
of course, provides for much additional variation. The crossover values 
between genes in the same chromosome can be used to plot maps of 
the chromosomes in some species on the apparently true assumption 
that the genes lie in a straight line from end to end of the chromosome. 
The seven Mendclian principles were completed by considering (1) 
interference, and (2) limitation of the linkage groups. 

QUESTIONS 

1. Do chromosomes always show independent assortment? 

2. Do characters always show independent assortment? 

3. If crossing over occurred in 100 per cent of germ cells, would this give 
results exactly similar to independent assortment? 

4. How is crossover percentage found? 

5. What is the principal use of the backcross in breeding experiments? 

6. Why is the fruit fly such a good species for experimental breeding? 

7. How are chromosome maps made? 



MECHANISMS OF HEREDITY 


176 

8. An individual that is (cd)(cd) is crossed with (CD)(CD) and the F* crossed 
back to the double recessive. The appearance of the offspring is as fol¬ 
lows: 903 (CD), 898 (cd), 98 (Cd), 102 (cD). Explain this result and find 
the crossover value between genes c and d. 

9. If in the previous question assortment between c and d were independent 
what would be the result of the cross of an F, hybrid to the double 
recessive? 

10. How far apart are A and B if in the backcross you derive 706 AB- 291 Ab- 
304 aB\ 697 ab? 

11. NOTE: In tomatoes, Jones has found that tall vine is dominant over 
dwarf, and spherical fruit shape over pear. Vine height and fruit shape 
arc linked, with a crossover percentage of 20. 

If a homozygous tall, pear-fruited tomato is crossed with a homozygous 
dwarf, sphcrical-fruited one, what will be the appearance of the Fi? Of 
the Fi crossed with a dwarf, pear? 

12. A is linked with B in 90 per cent of cases and with C in 85 per cent of 
cases. B crosses over with C in 22 per cent of cases. Plot these three points 
on a chromosome. 
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Mysterious as the ways of nature in the matter of hereditary trans¬ 
mission seemed to be for thousands of years, the essential features— 
when finally worked out in the past 50 years—have been shown to be 
relatively simple. Heredity depends on the genes which are carried in 
packages, the chromosomes. Every animal has a duplex set of chromo¬ 
somes (one member from each parent) and passes along a single and 
sample complete set (one member of each pair) to each offspring. 

We now know the laws of heredity. They have been developed as 
logical interpretations of actual breeding results. They have been 
demonstrated to be true for both plants and animals. We will now 
proceed to a further discussion of how the laws of heredity actually 
work in living organisms. 

MULTIPLE ALLELES 

When an animal is heterozygous for any quality, we call the two 
genes alleles. In Mendel’s peas, for example, a hybrid between tall 
(TT) and dwarf (tt) is 77. Gene T is the allele of gene /, and vice versa. 
It is believed that genes are complex protein molecules, which means 
that they probably consist of the chemical atoms carbon, hydrogen, 
oxygen, nitrogen, and perhaps several other kinds of atoms (phos¬ 
phorus, potassium, iron, and so on). How many separate atoms make 
up a gene, we do not know—perhaps a million. These atoms are not 
hodgepodge but are always arranged in a very definite pattern. Now 
this definite arrangement may become changed, just as the pieces of 
furniture in the room where you are now could be changed in their 
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FIGURE 58. Throe alleles of a gone for coat color in rabbits: top , colored; center, 
Himalayan albinism; bottom, complete albinism. (From Castle , Journal of Heredity) 

also gene t'. Some types of heredity behave this way, and we call this 
feature multiple alleles. 

If we cross a colored rabbit with an albino, the F\ are colored and 
we get 3 colored to 1 albino in the b\. If we cross a colored rabbit with 
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arrangement. It may be that gene T is one arrangement of atoms and 
gene t a different arrangement of the same atoms. If one rearrange¬ 
ment is possible, then perhaps still other arrangements of atoms are 
possible. In short, perhaps we could have not only genes T and /, but 
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Himalayan (white with black nose, ears, tail, and feet), the F x are 
colored and we get 3 colored to 1 Himalayan in the F 2 . If we cross 
Himalayan with albino, the F x are Himalayan and we get 3 Hima¬ 
layan to 1 albino in the F 2 . From this behavior in breeding, we assume 
that we are dealing with the same gene which has two alternative 
forms. There are, in other words, three genes in this multiple allelic 
series, and since any rabbit can have any two of them and we know 
the dominance relations among the three genes, we can write the possi¬ 
ble genotypes of the various kinds of rabbits as follows, letting C stand 
for colored gene, c h for Himalayan gene, and c for the albino gene: 

Colored rabbit. CCorCf*;orCc 

Himalayan rabbit. rV or c*c 

Albino rabbit. cc 

We have a similar situation in man as regards blood type, although 
the dominance relations are different. We do not inherit blood from 
our parents (it is made by the embryo just as is the bone, muscle, and 
so on), but we do inherit our type of blood. There are four blood types 
in the human which are derived from the interaction of three allelic 
genes. The first gene is A, the second A B , and the third a. Genes A and 
A° arc both dominant over gene a, but there is a lack of dominance 
between genes A and A D > thus giving a new type, just as gene R (red) 
and r (white) in Shorthorns give a new type, roan Rr. 

So we can write the genetic make-up of men for blood type as 
follows: 

Type A = AA or Aa 
Type B = /!»*!* or A*a 
Type AB = AA" 

Type 0 = aa 

This knowledge of the inheritance of human blood types is used in 
the courts in some states in the United States in establishing possible 
paternity in disputed cases. Many other genes in the human affect 
other phases of blood types. Many of the blood types of cattle have 
been worked out and practical use of this knowledge is made in deter¬ 
mining the actual or probable parentage of animals in cases where 
there is some doubt. This is very useful in artifical breeding and many 
or most of these bulls are blood-typed. 

MODIFIED TWO-GENE HEREDITY 

We have already become acquainted with the usual ratio secured 
from a dihybrid cross in the F 2 . You remember that it was 9:3:3:1. 
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FIGURE 59. Interaction of factors for comb form in fowls. The cross of a pure rose- 
comb bird with a pure pea-comb one gives all walnut-combed offspring. The 16 
possible combinations of the b\ gametes, with their genotypes and the phenotypes 
resulting from factor interaction, arc shown in the F 2 checkerboard. (From Sinnott 
and Dunn) 
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This holds when there is dominance exhibited between the members 
of each of the two pairs of genes. We saw how it worked with Mendel’s 
cross of round-seeded yellow-cotyledon peas crossed with wrinkled- 
seeded green-cotyledon peas. 

In this case the two genes act upon different qualities. Two-factor 
heredity is also known where the two genes work on the same quality. 
For example, in poultry if we cross rose comb with pea comb, we get 
walnut comb, and if we make the F 2 cross, we get 9 walnut, 3 rose, 
3 pea and 1 single comb. Evidently two genes are operative and they 
are both working on the same quality, namely, comb shape. The 
single-comb bird apparently is rr pto; the rose-comb bird, RR pp, or 


Aa Bb X Aa Bb 


Fggs 

Sperm 

AB 

Ab 

aB 

ab 

AB 

AA ££( 1) 

AA £6(5) 

Aa ££(9) 

Aa £6(13) 

Ab 

AA £6(2) 

AA 66(6) 

Aa £6( 10) 

Aa 66(14) 

aB 

Aa ££( 3) 

Aa £6(7) 

aa ££(11) 

aa £6(15) 

ab 

Aa Ba( 4) 

Aa *6(8) 

aa £6(12) 

aa 66(16) 

__—— 


FIGURE 60. Generalized checkerboard of a two-gene cross. 


Rr pp ; the pea-comb bird, rr PP or rr Pp; and the walnut-comb bird, 
Rr Pp , RR Pp , Rr PP or RR PP. 

We already have noted some variations from the 9: 3:3: 1 ratio in 
the F 2 of a dihybrid caused by two genes lying in the same chromo¬ 
some and, therefore, showing varying degrees of linkage, from 0 up 
to almost 50 per cent. We have also noted some variations from the 
9: 3:3: 1 ratio when dominance between the members of one or both 
pairs of genes existed. For example, if dominance is present in one 
pair of genes and lacking in the other, the F 2 ratio will be 3:6:3:1:2:1. 
If dominance is lacking in both pairs of genes, the F 2 ratio will be 
1:2:2:4:1:2:1:2:1. We will now point out some still further varia¬ 
tions from this standard 9: 3:3:1 ratio. These are due to a feature that 
has been named epistasis. We already know that one gene may be 
dominant over its mate. In recent years it has been discovered that a 
pair of genes, themselves either dominant or recessive, may be domi¬ 
nant over some other pair of genes. This feature is called epistasis. For 
easy reference we include Fig. 60. 
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If we mate a black rat, AA BB (gene A for color, gene aa diluted 
color, gene B for expression of any color, genes bb masking all color, 
that is, epistatic to /l), to an albino rat aa bb> all the F\ are black, 
Aa Bb , whereas the F\ will appear as 9 blacks, 3 creams, and 4 albinos. 
This is due to the fact that the presence of at least one A and one B 
produces black (squares 1, 2, 3, 4, 5, 7, 9, 10, and 13, Fig. 60), twoa’s 
and at least one B produce cream (squares 11, 12, and 15, Fig. 60), 
whereas either A A, Aa , or aa , together with b's (squares 6, 8, 14 and 16, 
Fig. 60), produce albino. This is because the b's mask the expression 
of A or a, that is, b is epistatic to A or a , so that the last two portions of 

Geno¬ 
types I n m iv v vt vn vm IX 

AA8B 

AaBB 

AABb 

AoBb 

AAbb 

Aabb 

aaBB 

oaBb 

aabb 


Oom. 

Dom. 

Dom 

Rec. 

Inc. 

Dom. 

Dup. 

Dup. 

Dom.and 

neither 

one 

both 

Epis 

Dup. 

Epis. 

Rec. 

Dom. 

Rec. 

pair 

pair 

pair 

Epis. 


Epis. 

Epis. 

Epis. 

genes 

gene9 

genes 








FIGURE 61. Phenotypic classes in two-gene F 2 , due to dominance and cpistasis. 

the usual 9:3:3:1 ratio are thrown together phcnotypically. The 
above is called recessive epistasis. 

Another manifestation of epistasis is one that throws the two middle 
portions of the 9: 3: 3:1 ratio together phcnotypically. An example of 
this occurs in Duroc swine, where one sandy-colored race is AA bb and 
another aa BB. When crossed the F\ are all red ( Aa Bb)> and in the F 2 
all the offspring, which get at least one A and one B (squares 1, 2, 3, 4, 
5, 7, 9, 10 and 13, Fig. 60), are red, those getting neither A nor B 
(square 16) are white; all the others, getting at least one A with two 
b's (or at least one B with two a' s), are sandy (squares 11, 12, 15, 6, 8, 
and 14, Fig. 60). These are sometimes called mutually supplementary 
genes. A similar case in plants has been found in the fruit shape of 
squash, where genes A and B together give disk shape, genes AA or Aa 
with bb and genes aa with BB or Bb give spherical shape, and the 
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double recessive genes aa bb give elongated shape. This is called incom¬ 
pletely duplicate epistasis. , . , 

It has been found that a certain type of white dogs, AA BB (witn 
color in the eyes), if mated to brown dogs, aa bb , produce all white 
offspring, and that, when these F x are mated, the peculiar ratio of 
12:3:1 appears in F 2 . This apparently is due to the white dog carrying 
color factors {A) that are inhibited from forming color in the hair by 
another gene ( B ). The brown dogs aa bb lack the gene for black color 
A f being therefore brown in color, for they also lack the inhibitor B. 
The Fi cross is Aa Bb and is white because of the dominant cpistatic 
effect of gene B over genes A or a, whereas in the F 2 all those squares 
that get at least one B ( 1,2, 3, 4, 5, 7, 9, 10, 11, 12, 13, and 15, Fig. 60) 
are white, those getting b's and at least one A (squares 6, 8, and 14, 
Fig. 60) are black, and the remaining (square 16), aa bb, is brown. 
Genes that behave in this fashion are often called inhibitors. This is 
generally called dominant epistasis. 

There are several other well-known forms of epistatic gene behavior. 
In addition, there is an almost limitless number of possible interactions 
between or among two, three, or more pairs of the several thousand 
genes which are the hereditary capital of our farm animals. 


MULTIPLE-GENE HEREDITY 

It seems probable that the final expression of a great many charac¬ 
teristics of the higher animals may be due to the interaction of many 
sets of genes (plus, of course, the action of environment). This point 
of view has dawned gradually, as more detailed information about 
heredity in some of the lower forms of life has accumulated, and is in 
direct contrast to the views held soon after the rediscovery of Mendel’s 
work. Attempts have been made to analyze complex physiological 
processes such as milk production and growth rate on the basis of the 
interaction of a few pairs of genes, but they have not been successful. 
Take the matter of milk production by dairy cows and ask yourself 
what it probably depends upon. Milk production, undoubtedly, 
depends upon size, temperament, digestive capacity and efficiency, 
rate of blood flow, and many more things, to say nothing of feed and 
care. In short, it is an expression of the entire physiological and psychic 
activities of the animal. It involves the skeletal and the muscular sys¬ 
tem, the blood system, the digestive system, the endocrine system and 
the nervous system. Obviously it must depend on the whole genetic 
make-up of the cow. 

In working with wheat, Nilsson-Ehle crossed a red variety with a 
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white one and got an intermediate shade in the Fi and 1 dark red, 2 
lighter red and 1 white in the F 2 . This indicates a one-gene pair reac¬ 
tion with dominance lacking. In a different cross of red and white 
wheats the F x was intermediate; but in the F 2 there were 15 reds (of 
varying shades) to 1 white, thus indicating that two genes were assort¬ 
ing into the various combinations. Still a third cross gave the usual 

P, R,R, R 2 R 2 r,r,r 2 r 2 

Red White 


FIGURE 62. The re¬ 
sult of a cross between 
a rcd-kcrnclcd and a 
white-kernclcd wheat, 
where the red color is 
a result of the opera¬ 
tion of either or both 
of two genes, R x and 
Rt. The intensity of 
the red color is indi¬ 
cated by the density 
of the crosshatching. 
( Sinnott , Dunn , and 
Dobzhansky , “Principles 
of Genetics ,” 4th ed. t 
page 123) 


intermediate F u but an F, of 63 reds (again of varying shades) to 1 
white, which indicates that three genes are involved. 

Castle, in working with rabbits, crossed long-eared rabbits with 
short-eared rabbits and got offspring with ears of about intermediate 
length. The F, rabbits covered the whole range from long down to 
short, with three about equal gradations between the extremes. This, 
apparently, is also a case where three genes are working together 
determining ear length and are assorting independently. 

To show the difference between qualitative and quantitative 
heredity, we might use a cross of horned-black cattle with polled-red. 
The black color is dominant over the red and the polled condition is 










dominant over 
follows: 
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the horned. We could diagram our cross then as 


Homed Polled 

Black Rcd 

Parent Parent 

pp BB X PP bb 


PpBb 
(Fi cross) 


Now if we mate the F, it will work as indicated in the checkerboard 
shown in Fig. 63. _ 



PB 

Pb 

pB 

pb 

PB 

PP BB 

PP Bb 

Pp BB 

PpBb 

Pb 

PP Bb 

PP bb Pp Bb 

Ppbb 

pB 

Pp BB 

PpBb 

pp BB 

pp Bb 

Pb 

Pp Bb 

Pp bb 

pp Bb 

pp bb 


FIGURE 63. Checkerboard of a dihybrid cross in Fj. 


In Fig. 63, at least one big P means polled and at least one big B 
means black. The ratio is therefore 9:3:3:1, or 


9 polled black 
3 polled red 
3 horned black 
1 homed red 


This is qualitative inheritance. We are dealing with separate qualities. 
But let’s use this to illustrate how quantitative heredity works. To do 
this we will assume that gene P or B stands for 2,500 lb. of milk, and 
gene p or b stand for 1,500 lb. of milk. On this assumption, we get the 
distribution ot milk production in the F 2 as shown Fig. 64. 


For B 
p or b 


PPBB 1 10,000 lb. of milk 


PP Bb 2 1 

2.500 Pp BB 2j 

1.500 PP bb 1 

Pp Bb 4 

pp BB 1 

Pp bb 2 1 

pp Bb 2) 

pp bb 1 

FIGURE 64. 


9,000 lb. of milk 


8,000 lb. of milk 


7,000 lb. of milk 


6,000 lb. of milk 
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It should be understood that the illustration in Fig. 64 of quantita- 
tive heredity in milk production is purely hypothetical. Not 2 pairs of 
genes, but 200 or 2,000 or more may influence milk production We 
simply used this kind of illustration to show the difference between 
qualitative and quantitative or multiple-gene heredity—the kind 

involved in most of the problems of heredity that interest the practical 
breeder. r 


LETHAL ACTION OF GENES 

Any organism is a delicately balanced system of actions and reac¬ 
tions and can survive only a more or less limited range of change. This 
is nicely illustrated in the blood stream, which must maintain a proper 
balance of sugar, minerals, vitamins, hormones, and other elements if 
the organism is to function normally. All bodily characteristics arc 
referable in the final analysis to the genes, which produced the organ¬ 
ism, manifesting themselves, of course, in our internal and external 
environment. 

It is not surprising, therefore, that gene changes sometimes result 
in the sort of unbalance that destroys the organism. Such manifesta¬ 
tions arc known as lethals. In the fowl, for instance, there sometimes 
occurs a condition known as creeper (short wings and legs). When two 
creepers arc mated, some normal offspring arc produced, the normal 
condition apparently being recessive to creeper, but the ratio of such 
matings is 2 creeper to 1 normal. Investigation has shown that some 
of the embryos die at about the fourth day of incubation, these pre¬ 
sumably being homozygous creepers. Creeper, therefore, has the 
genetic constitution Cc, normal cc, while those that die are CC, this 
being a semidominant lethal, according to Snyder, and the homozy¬ 
gous and heterozygous conditions are recognizably different. 

Several recessive lethals in cattle are known as parrot-beaked (abnor¬ 
mal lower jaw; calves live only a few hours), amputated (calves born 
dead, with legs and lower jaw missing), short-spined (fused and com¬ 
pacted vertebrae), and hairless. Bulldog calves with greatly dished 
faces and very short legs are a semidominant lethal manifestation 
similar to creeper in fowl, the heterozygotes being the short-legged 
Dexter cattle. 

Other abnormal conditions that may be due to lethal genes include 
mummified calves, resorbed fetuses, ossified joints, and various types 
of congenital dropsy. Other lethals in farm animals are known; for 
example, paralyzed hind limbs in sheep and swine, thick forelimbs, 
closed anus and cleft palate in swine, closed colon in horses. If an 
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abnormal embryo is born the lethal is made obvious. Such ha PP e ™«' 
are generally due to failure to reach full development; for example, 
hairor limbido not grow; palate, skull, or lips do not fuse in thern.d- 
line; joints fail of full development with fluid and d.scs be weenbones. 
Lethals that destroy the organism in early embryonic life, wit 
subsequent resorption, may pass unrecognized as sterility. 

Like most other mutations, the bulk of lethals are recessive and m y 
remain hidden in a stock for many generations. For their total removal 
from a strain, test matings and rigid selection must be practiced with 
the knowledge that in the case of recessives, both parents are carrying 

Many lethals of various sorts are known also in plants and in man. 
Lethals may kill the organism at any time, that is, during embryonic, 
fetal, or postnatal life; and, if the lethal gene is located on the sex 
chromosome, peculiar sex ratios will, of course, result. 

The list of lethals (R, recessive; D, dominant), shown on pages 188 
and 189, contains those listed by Eaton 1 in 1937 and a few others 
reported in The Journal of Heredity since that time. 

There are many abnormalities in animals which, while not lethal, 
do lower the efficiency of the animal for its respective work. Such 
things as inferior leg formation in horses; overshot or undershot jaws, 
blind quarters, hernia, narrow constricted pelvis, greatly winged 
shoulders in cattle and other species; extreme susceptibility to various 
diseases and low breeding efficiency may be due to heredity. These 
things arc really more insidious than actual lethals because animals 
having certain of these may survive, breed, and pass their inferior 
traits along to their offspring. Hence the breeder must constantly be on 
guard against them. 

Lethals have often appeared in breeding herds and flocks. If out- 
crossing has been the general system of breeding in use in the herd, 
they have not assumed any great importance. If line- or closebreeding 
is followed, however, they have sometimes become a serious problem. 
Now that artificial breeding is assuming such importance, especially 
in dairy cattle breeding, more attention should be paid to lethals. 
If a bull carried a recessive lethal and through artificial insemination 
he sired 20,000 daughters, about 10,000 of them would get the lethal 
gene from him. If later his half brothers or sons were used, great 
financial loss might result from the appearance of variously deformed 
or dead calves. 


1 O. N. Eaton, A Summary of Lethal Characters in Animals and Man, The Journal 
of Heredity, 28(9): 320-326, September, 1937. 
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List of Lethals 


Horses 


Lethals 

Description 

Dominant ( D); 
Recessive (R) 

Atresia coli. 

Closure of intestine 

55 males; 90 females 

Low fertility. Lethal or sterility 
factors or both 

R 

R Sex-linked 

? 

R Probably 

Abnormal sex ratio.. 

Lethal white or both.... 

Stiff forelegs. 




Cattle 


Achondroplasia. 

(Bulldog) short legs and head, hernia; 



die and aborted fourth month 

D 

Achondroplasia. 

(Bulldog) short head, cleft palate, 



deformed jaws; die soon 

R 

Acrotcriasis congenita. 

Amputated; appendages short or 

A n t 


Agnathia. 

dujcm 

Very short lower jaw (sex-limited to 



male?) 

R 

Ankylosis. 

Ossification of joints 

R 

Congenital dropsy. 

Water in tissues and cavities 

R 

Congenital ichthosis. 

Scaly, cracked skin 

R 

Epitheliogenesis imperfecta. 

Imperfect skin, partly hairless, septi¬ 



cemia 

R 

Fetal resorption. 


? 

Hernia cerebri. 

Failure of frontal bones to fuse 

* 

? 

Impacted molars. 

Short jaw, defective teeth; die within 



week 

? 

Lameness in hind limbs. .. . 

Calves unable to stand 

R 

Muscle contracture. 

Head and legs drawn up; joints stifT 

R 

Mummification. 

Short, stiff neck, prominent joints; 



usually die as 8-months fetus 

R 

Short limbs. 

Limb short, hoofs undeveloped 

R 

Short spine. 

Ribs and vertebrae fused, back bent 



down 

R 


Sheep 

Amputated.! 

No claws on feet 

? 

Earless and cleft palate. . . . 


R 

Lethal gray. 

In Turkanas and Karakuls 

R 

Muscle contracture. 

Usually stillborn 

R 

Paralysis. 

Hind parts paralyzed; live few days 

R 

Skeletal defects. 

Large head, short upper jaw, rigid 



fetlocks 

R 
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List of Lethals—{Continued) _ 


Swine 


Lethals 

Description 

Dominant {D); 
Recessive (R) 



7 

• 

Atresia am. 

Gatlin mark. 

Parietal or frontal bones not fused 

R 

Cleft palate. 

Young unable to nurse 

R 

R 

R 

Excessive fatness. 

Young die at 40 to 80 kg. 

Fetal mortality. 

Hydrocephalus. 

Water outside brain in subarachnoid 
spaces 

R 

Hypotrichosis. 

Hairless (lack of iodine) 

• 

Legless. 

Shoulder blades and pelvic bones but 


no limb buds or leg bones 

R 

Lobed ear. 

Usually also cleft palate and de¬ 

R Probably 

formed hind legs 

Muscle contracture 

Thick, stiff legs 

R 

Paralysis.1 

Hind parts paralyzed 

R 


Man 


Brachyphalangy. 

Short middle phalanx second finger 

D 

and toe; live 1 year 

Congenital ichthyosis. 

Cracked, imperfect skin; live 3 days 

R 

? 

Glioma retinae. 

Malignant tumor of retina 

Icterus. 

Jaundice; live 4 days to 3X Y cars 

? 

Infantile amaurotic idiocy.. 

Degeneration of cerebrospinal nerves; 


Progressive spinal muscular 

live 2 or 3 ycars 

R 

? 

atrophy. 

Live a few years 

Xeroderma pigmentosum.. 

Sensitive skin, scars and carcinoma, 


live 12 years 

R 


SEX-LINKED HEREDITY 

In the examples used thus far to illustrate various types of heredity, 
it has made no difference whether character A was in the male and 
character B in the female, or vice versa. The crosses would work as 
well one way as another. The reason for this lies in the fact that the 
qualities thus far studied have been determined by genes in chromo¬ 
somes, which are not primarily concerned with the sex of the indi¬ 
vidual. In the human, for example, there are 24 pairs of chromosomes. 
Twenty-three of these pairs are alike in both sexes, so far as their gen¬ 
eral form is concerned. The remaining pair, however, is different in 
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th n t J W ° L SeX v S ', In ,He female there is 3 P air of strai S ht chromosomes, 
called the X chromosomes , making up this twenty-fourth pair, while in 
the male there is one straight chromosome X and its mate is a bent 
chromosome, called the Y chromosome. These, in short, are the sex 
chromosomes. In the female there arc two X chromosomes and in the 
male one X and one Y chromosome. These pairs of sex chromosomes 
are, therefore, distinguished from the other 23 pairs in the human, 
the other 23 being called autosomes. This same type of XY heredity is 
also present in our farm animals, except poultry. 

We are now ready, therefore, to consider the matter of sex-linked 
heredity. Sex-linked simply means that the gene for the quality lies in 
one of the sex or X chromosomes. An example of this type of heredity 
is found in the fruit fly and has to do with the color of the eyes, the 
gene involved being R for red eyes and r for white eyes. The genetic 
make-up of fruit flies for eye color is therefore: 

Male Female 

*XY.Red RXRX .Red 

AY.White RXrX .Red 

rXrX .White 

In the above the X’s and Y’s refer to chromosomes, the letters R and r 
refer to genes in those chromosomes. We do not place any genes with 
the Y chromosome because no dominant genes have ever been demon¬ 
strated to be in the Y chromosomes. They, of course, could be full of 
recessive genes, but that would not alter the results. A cross of a red- 
eyed male and a white-eyed female is indicated below: 


Sperms 

Eggs 

Sex 

rX 

rX 

RX 

RX rX 

RX rX 

Females 

Y 

rX Y 

rX Y 

Males 


In the above cross, the females will all be red-eyed and the males will 
all be white-eyed. 

Another example of sex-linked heredity is found in man and con¬ 
cerns red-green color blindness. In this case, normal vision C, is 
dominant over color blindness c, so that a homozygous, normal- 
visioned woman would be CX CX and a color-blind man cXY. There 
may be some sex-linked characters in our animals, but up to now none 
have ever been demonstrated. 
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FIGURE 65. Nuclei of male and female germ cells in Drosophila, showing the kind 
of ova and kinds of spermatozoa produced. 


Color blind Normal Normal Color blind 



XX XX KY XY XX XX XX XX 

FIGURE 6 6a. The inheritance of color FIGURE 66 b. The inheritance of color 

blindness. A color-blind man mated with blindness. A color-blind woman mated 

a normal woman. The defect is trans- with a normal man. The defect is trans¬ 
mitted only through the daughters and mitted to all the sons and (in the Ft mat- 

appears in one-half of their sons, being ing shown) to both grandsons and grand- 

carried in one of the X chromosomes. daughters. ( From Dunn, courtesy of the 

Color-blind individuals and chromo- University Society) 

somes carrying the gene for this char¬ 
acter are black. {From Dunn , courtesy of 
the University Society) 
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We see from the above that the female in the XY type of heredity 
is the homogametic sex. That is, all the females’ eggs have an X chro¬ 
mosome, whereas the male is the heterogametic since one-half his 
sperm contain an X chromosome; the other half, Y chromosomes. In 
poultry this situation is reversed because here the male is homogametic 
and has two Z chromosomes; whereas the female is the heterogametic 
sex and has a Z and a W chromosome, the different letters being used 
to differentiate from the XY used with mammals. An example of 
sex-linked heredity in poultry is the barred pattern, B standing for 
barred and being dominant, and b standing for the nonbarred pattern. 
A nonbarred male would, therefore, be bZ bZ and a barred female 
would be BZ W. 


SEX-INFLUENCED HEREDITY 

Sex-influenced heredity must not be confused with sex-linked 
heredity, which we have just discussed. Sex-linked heredity has to do 
with genes in the sex chromosomes. Sex-influenced heredity has to do 
with genes in the autosomes. We, therefore, do not use the X and Y 
notation when dealing with sex-influenced characters. A simple sex- 
influenced character in man is a certain type of baldness. This we 
designate by the gene B , and normal head covering with the gene b. 
A man who is BB or Bb becomes bald, and one who is bb does not. In 
women one with BB becomes bald, but one with Bb or bb is nonbald. 
In other words the homozygous condition is the same in both male or 
female, but the heterozygous condition Bb develops differently in the 
two sexes. This, undoubtedly, is due to the different types of hormones 
in the male and the female. It points up again the importance of both 
heredity and environment, since an identical heredity expresses itself 
differently in the different internal environments of men and of women. 

Another example of this is the mahogany color in Ayrshires where 
MM in either sex gives the mahogany and white color; mm in either 
sex gives the red and white color; whereas Mm in the male gives 
mahogany and white, and Mm in the female gives red and white. 

EVIDENCE SUPPORTING GENE THEORY OF HEREDITY 

There are many lines of evidence lending support to the chromo¬ 
somal, or gene, theory of heredity. First and foremost is the fact that 
almost all organisms arise from the union of an egg from the female 
parent and a sperm from the male parent. This is all the living mate¬ 
rial the offspring gets from its parents, though, of course, it derives its 
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materials for embryomic growth (proteins, fats, minerals, and so on) 
from its mother’s blood. Results of breeding experiments show that, 
speaking generally, both parents are jointly and equally responsible 
for the potentialities of their offspring. Because this is so, and because 
the two germ cells (egg and sperm) are alike only as to their nuclei, it 
seems logical to conclude that the determiners of potentialities are 
located in the two nuclei that contain the chromosomes and which in 
turn are made up of genes. 

Additional support for the theory is to be found in the phenomenon 
known as parthenogenesis; for example, an organism arising from an 
egg that has been artificially stimulated to cell division with a hot 
needle. These organisms evidence maternal characteristics only. In 
like manner an egg, the nucleus of which has been removed or in¬ 
activated by X rays, may be fertilized by a sperm, and in this case the 
organism will evidence paternal characteristics only. 

Further evidence is available from cytological or cell studies, which 
have demonstrated that if one of the small (IV) chromosomes in 
the fruit fly is lost from an egg or sperm, the resulting offspring is 
different from a normal fly in many parts of the body; that is, specific 
effects are produced by the genes in this IV chromosome. For example, 
if a female with normal eyes, but having only one of the small IV 
chromosomes, is mated with a mutant eyeless male, one-half the off¬ 
spring are eyeless; they are also weak individuals, many of them not 
getting through the pupal stage successfully. This proves that the gene 
for the eyeless condition is located in the small IV chromosome and 
that the genes in the IV chromosomes affect many parts of the 
organism. 

The behavior in inheritance of sex-linked characters, that is, 
characters determined by genes located in the sex chromosomes, is 
additional strong evidence that the genes located in the chromosomes 
of the nuclei of the sex cells, ova and spermatozoa, are the actual 
determiners of the potentialities of any organism. 

Finally, the work of Stern with the fruit fly, and Creighton and 
McClintock with maize, which demonstrate a complete correspond¬ 
ence between genetic and cytological crossing over, seems to furnish 
the final bit of positive proof for the complete substantiation of the 
chromosomal, or gene, theory of inheritance. 

MODERN GENETIC THEORY 

The modern theory of heredity is based upon the behavior in germ¬ 
cell formation and development of entities called genes. This theory 
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has now been tested by means of thousands of planned breeding 
experiments and has been corroborated by numerical data, as indi- 

l u lV , mtc numeric al ratios obtained in the mono-, di-, tri- 
hybnd In other words, the theory is no longer a theory but an estab¬ 
lishes fact It should be recalled that the facts of breeding came first 
and the theory to explain the facts came second. We demand two 
things of any theory: (1) that it logically explain events that have 
transpired in the past, and (2) that its principles enable us successfully 
to predict future happenings. These criteria of fitness have been suc¬ 
cessfully met by the chromosomal, or gene, theory of inheritance. 

In brief, the gene theory assumes that the characteristics of an 
organism are conditioned by paired genes located at similar places in 
homologous chromosomes; that one member of a gene pair may domi¬ 
nate the situation more or less fully in the developed organism, so that 
the other member of the pair is not externally recognizable; that the 
genes are organized into groups, each group forming a chromosome; 
that at the reduction division in germ-cell formation one member of 
each homologous pair of chromosomes is found in each resulting germ 
cell; that the distribution of the homologous chromosomes to the germ 
cells is at random; that previous to reduction (that is, during synapsis) 
equal interchange of chromatin material may take place between the 
nonsister chromatids; and that the chromosomes are always organized 
in a definite manner, the genes arranged in a linear series and each 
gene in its inviolable place. 

Later chapters will indicate how the genes may change, thus giving 
rise to new variates. Once again we would like to caution against any 
tendency to oversimplify the matter of the genes and their behavior 
in heredity. The genes themselves are probably very complex in their 
structure. They are very closely associated with the cytoplasm of the 
cells, and full development of the individual should be looked upon as 
a result of the interactions between the genes themselves, between the 
genes and the cytoplasm of the cells, and between the cells and their 
environment. It is the interactions and interrelations of all these forces 
that function in the development of a new individual, rather than the 
individual actions of separate genes. 

It is known, for instance, that in the fruit fly at least 50 pairs of 
genes function in bringing about the development of the normal red 
eye. It is also known that a change at locus 44.4 in the I or X chromo¬ 
some, a change at locus 54.5 in the II chromosome, or a change at 
locus 49.7 in the III chromosome will each result in purplish, rather 
than red eyes. These genes have been named garnet, purple, and 
maroon, respectively. It would be possible, therefore, to mate two 
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purple-eyed individuals and to get from them all normal red-eyed 
offspring, for each parent might supply the missing norma^ gen 
the other lacks. It is also readily seen that one type of purp V 
(garnet) would show sex-linked heredity, for this gene is located in me 
sex chromosome, whereas the other two sorts of purplish eyes (purp e 
and maroon) would show ordinary Mendelian heredity. 

As has been shown earlier, dominance is a relative term, an a 
characteristic that is dominant in one type of mating may be recessive 
in another. Inheritance, therefore, should be looked upon as the inter¬ 
action between genes, cytoplasm, and environment, rather than 
thought of in an absolute sense. 


SUMMARY 

Something of the way in which the primary and secondary laws of 
inheritance actually operate is presented in this chapter. Many different 
gene reactions are demonstrated. There can be more than just two 
alternative forms of a certain gene; there are many known and 
possible variations of the usual dihybrid ratio of 9:3:3:1; and most 
of the commercial or aesthetic values of our animals arc deter¬ 
mined by the interactions of hundreds or thousands of genes; and also, 
of course, many of these qualities are easily and greatly influenced 
by the environment both pre- and postnatal, and both internal and 
external to the animal. Many changes in genes may result in totally 
missing, dead or impaired offspring, and some genes are carried in the 
sex chromosomes, thus evidencing the characteristic sex-linked type 
of heredity. The modern gene and chromosomal theory of heredity is 
explained and review is made of the many lines of evidence that have 
placed the theory in the impregnable position which it now occupies. 


QUESTIONS 

1. What is the F 2 phenotypic ratio in a monohybrid? 

2. What is the F 2 genotypic ratio in a monohybrid? 

3. What is the F 2 phenotypic ratio in a dihybrid? 

4. What is the F 2 genotypic ratio in a dihybrid? 

5. List some variations of the usual dihybrid F 2 ratio. 

6. Distinguish between multiple-allelic and multiple-gene heredity. 

7. Define and give a list of lethal genes. 

8. Distinguish between sex-linked and sex-influenced heredity. 

9. What lines of evidence support the chromosomal theory of heredity? 

10. NOTE: In cattle polled (P) is dominant over horned ( p ) and red ( R) 

lacks dominance over (r) white, the heterozygous ( Rr ) being roan. 
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If a homozygous polled red bull is mated to homozygous horned white 
cows, what will the F x look like? What combinations will you get in F 2 
and in what ratio? 8 2 

11. How many kinds of germ cells can an Aa animal produce? How many 
kinds of germ cells can an Aa Bb animal produce? What is the formula 
tor determining how many kinds of germ cells any animal with a known 

m nn C ~ U L Can P roduce? How many kinds of germ cells can an 
Aa bb Cc DD ee Fj animal produce? 

Multiple-allelic Heredity 

12. If a person of blood group AB marries one belonging to group 0, what 
may be the blood groups of their children? 


Lethal-gene Heredity 

13. In cattle, the polled condition is dependent upon a dominant factor P, 
the horned condition upon its recessive allele p. In the Dexter-Kerry cat¬ 
tle the short-legged (Dexter) condition is dependent upon a semidomi- 
nant lethal factor Z), the long-legged (Kerry) condition upon its reces¬ 
sive allele d. Suppose a Dexter bull homozygous for polled were mated 
to a horned Dexter cow. What kinds of calves could they produce, and 
in what proportions? 

Sex-linked Heredity 

14. NOTE: Color blindness in man is a sex-linked recessive. 

A girl of normal vision whose father was color-blind marries a man of 
normal vision, whose father was also color-blind. What types of vision 
will be expected in their offspring? 

15. NOTE: Barred plumage in poultry is a sex-linked dominant. In poultry, 
if a nonbarred cock is crossed with a barred hen, and an Fi female from 
this cross is mated with her father and an Fi male with his mother, what 
will be the appearance of the offspring of these last two crosses, as to 
barring? 

Sex-influenced Heredity 

16. A bald man whose father was not bald marries a nonbald woman whose 
mother was bald. What are the genotypes of these two people in regard 
to the factors for baldness and nonbaldness? What kinds of children can 
they have in regard to these characters? 

17. A red-and-white Ayrshire cow whose mother was mahogany and white 
is bred to a red-and-white Ayrshire bull. If she produces a male calf, 
what are the chances that it will be mahogany and white? If the calf is a 
female, what are the chances that it will be mahogany and white? 
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GENETIC VARIATION 


Causes of Variation 
Variation from Recombinations 
Probability 

Variation from Crossing Over 
Individual Gene Variations 
General Statements About 
Genes and Mutations 
Various Chromosomal Aberrations 
Changes in Blocks of Genes 
Heteroploidy 
Polyploidy 

Breeding Systems and Variation 
Variation Guided by Selection 
Types and Frequency of 
Variation 


Variation is the raw material out of which progress may be achieved. 
In the last three chapters we have learned the laws of heredity. 
Heredity may be thought of as the great conserving force of nature. 
The fact that the genes and chromosomes arc relatively stable acts as 
a rachet mechanism to hold whatever genetic gains we can make. For 
progress, however, we need something more than this, namely, 

variation. . 

Henry van Dyke is reported to have said that there is one thing in 
which all men are exactly alike, and that is that they arc all different. 
This statement also holds true for farm animals. To the observing, it is 
quite evident that “the most invariable thing in nature is variation.” 
“Variation is at once the hope and the despair of the breeder,” the 
hope because through it may be produced offspring better than their 
parents, the despair because after animals have been greatly improved, 
they may and very often do vary again toward mediocrity. 

That animals vary in size, type, rate of growth, efficiency of feed 
conversion, quality of carcass, proportion and distribution of fat and 
lean, wool quality and quantity, fertility, longevity, resistance to 
disease, milk production, butterfat percentage, color of milk, per¬ 
sistency, speed, stamina, style, tractability, color, and in a hundred 
other ways is too evident to need much discussion. 

Here are two steers—one gains 22.1 lb. for each 100 lb. of nutrients 
fed; the other gains only 14.3 lb. from a like amount of feed. 
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Here arc: the litters of two sows—one gains 100 lb. from 504 lb. of 
feed; the other litter gains 100 lb. from 360 lb. of feed 

Here are two dairy cows-one returns 36 lb. of total digestible 

onlvlSlhT P ° UndS °// eCd consumed : th « other returns 

only 1 8 lb. from a like amount of feed. 

The breeder is most interested in those animals that differ from the 
average of his breed or flock in a desirable direction. In order to have 
any chance of success, the breeder must have an ideal, a standard of 
excellence or performance which is higher than the present level of 
his herd or flock. He will then be on the lookout for animals that stand 
above his present herd average, and he will select replacements from 
them, hoping to approach a little closer to his goal. 

Now most of the qualities of our animals are elastic. Milk produc¬ 
tion, number of pigs per litter, condition, annual wool clip, and so on 
vary between different individuals, as well as varying in the same ani¬ 
mal in different years. What the breeder must do is try to devise means 
of ascertaining the causes of this variation. 


CAUSES OF VARIATION 

Basically there are but two sorts of variation —genetic and nongenetic. 
The breeder’s task is to learn how to distinguish between them since 
only genetic variations have any possibility of becoming heritable. 



FIGURE 67. Two Ayrshire cows and their twin calves showing marked variation 
in amount of red color in the coat. 
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Genetic variations are of two sorts. They are either the natural result 
of the hereditary process or they are modifications of individual genes 
or changes in groups of genes or whole chromosomes. We will discuss 
first those that are due to the nature of the hereditary process itself. 


VARIATIONS FROM RECOMBINATION 

We have already discussed quite thoroughly the general proposition 
of recombinations of chromosomes during germ cell formation. In an 
organism with only one pair of chromosomes, there could be only two 
kinds of germ cells. That is, each germ cell would get one chromosome 
or the other of the pair. If we add a second chromosome, the number of 
possible different germ cells becomes four, and if we add still a third 
chromosome, we could and 
would get eight different recom¬ 
binations. The formula for find¬ 
ing the possible number of re¬ 
combinations is simply to take 
the figure 2 (because we are 
dealing with pairs of things) and 
raise it to the power correspond¬ 
ing to the number of pairs of 
chromosomes. For example, with 
one pair, we get two different 
combinations, that is, 2 to the first power, or 2 1 . With two pairs of 
chromosomes, we get four different kinds of germ cells, which is two 
squared, or 2 2 ; with three pairs it is 2 3 , or 2 X 2 X 2. Some of the 
possibilities in the different organisms are shown in Table 11. 

Table 11. Number of Different Kinds of Germ Cells Possible from Varying Numbers 

of Pairs of Chromosomes 


Species 

No. of 
pairs of 
chromosomes 

No. of different kinds of 
germ cells 

Ascaris . 

1 

2' 

2 

A. megalocephala . 

2 

2* 

4 

Fruit fly. 

4 

2* 

16 

Corn.. 

10 

2 .o 


Swine. 

19 

2” 

524,288 

Human. 

24 

2*4 

16,777,216 

Sheep. 

27 

2*7 

134,217,728 

Cattle, goat, horse. 

30 

2 30 

1,073,741,824 



FIGURE 68. The different types of germ 
cells possible in a species with two pairs of 
chromosomes—chromosomes remaining 
intact. 
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It is evident from Table 11 that the simple recombination of intact 
chromosomes in the higher species can account for a tremendous 
amount of variation. From a perusal of Table 11, one might conclude 
that breeding is a pretty haphazard and impossible task anyway. The 
writer would not try to maintain that it is easy, but neither is the job 
so impossible as might appear at first glance. What we are trying to do 
from a practical breeding standpoint is to make our animals as pure 
as possible for genes that lead to the development of desirable charac¬ 
ters. At present they are rather heterozygous and, therefore, do not 
breed true. Two homologous chromosomes may bear the following 
sorts of genes: A a, B B> c C, D d, E e. If, by selecting, we bring it about 
that these two chromosomes become homozygous: 

A A 
B B 
C C 
D D 
E E 

then it will make no difference which one of these two homologous 
chromosomes go to any egg or sperm, for they are now exactly similar. 
It would still (and always) be true that the 30 pairs of chromosomes in 
cattle make it inevitable that over a billion different recombinations 
of paternal and maternal chromosomes will be produced as germ cells 
are formed, but if our animals were entirely homozygous, all these 
billion combinations would be identical. It seems unlikely that we can 
ever reach this goal, but the fact remains that the more heterozygosity 
can be reduced, the less variation we will have. 

Actually many of your genes are probably exactly similar to some 
of mine. This is true for any two people in the world because they both 
belong to the genus Homo and the species sapiens. Likewise, many of 
the gerres in any two cattle, hogs, or sheep picked at random are prob¬ 
ably similar. They are the genes that all members of a species have and 
the reason that the animals are of that particular species. They are 
sometimes called fixed genes. What proportion they are of the total 
genes of an individual is not known. And, at any rate, there seem to be 
enough unfixed genes that serve to make each member of a species 
different from all the rest and to provide plenty of latitude for selection. 
Members of the same breed would have more genes in common than 
animals of different breeds, members of the same strain still more, full 
brothers or sisters still more, and identical twins would have all their 
genes in common since they arise from the same fertilized egg. 

Table 12 shows the number of different kinds of germ cells or 
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gametes, the number of different genotypes, and the number of com¬ 
binations in the Ft from a given number of originally heterozygous 
gene pairs. 

Table 12. Independently Segregating Gene Recombinations 


No. of pairs of 
heterozygous genes 

No. of 
different 
gametes 

No. of 
different 
genotypes 
in Ft 

Total No. 
of combina¬ 
tions in Ft 

1 

2 

3 

4 

2 

4 

9 

16 

3 

8 

27 

64 

n 

2- 

3" 

4 « 


If two animals were of the genetic constitution shown below (genes 
in different chromosomes), 


Sire. Aa bb CC Dd 

D am . Aa Bb cc DD 


then there would be the following possible genotypes of offspring: 
3X2X1X2=12. 

Thus we could have 12 different sorts of full brothers or sisters, as to 
genotype, from mating the above two parents. All these animals would 
have identical pedigrees, but their genotypes might all be different, 
ranging from A A Bb Cc DD to aa bb Cc Dd. 

If the capital letters represented desirable traits and the small letters 
undesirable ones, we can see that there might be a vast difference 
between these full sisters or brothers. Identity of pedigree, then, does 
not mean identity of inheritance, except when the parents are homozy¬ 
gous for each pair of genes. 

Our example has dealt with four pairs of genes, or eight in all. We 
do not know how many genes are present in the chromosomes of our 
farm animals. There are 30 pairs of chromosomes in some of these ani¬ 
mals, and if there were an average of 100 genes in each chromosome 
there would be a total of 6,000 genes. Each parent would then be 
transmitting not four genes each in our simple example, but 3,000. 
Perhaps our assumption of 100 genes in each chromosome is far too 
small. Thus the very mechanism of heredity in unisexual animals, 
whereby a parent gives a sample half of his or her heredity to each 
offspring, is a very potent source of variation. 

A great deal of the variation in our animals is probably due to re¬ 
combination, especially in qualities that show a graded series from 
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low to high, such as milk yield and wool clip. We could use a case in¬ 
volving wool clip as a theoretical example. 

If we use rams that shear 20 to 22 lb. of wool on ewes that shear 6 
to 8 lb. of wool, we expect to get offspring that shear about 14 lb. of 
wool on the average, and an F 2 population that still averages about 
14 lb. but with a wider range of variability than that found in the F x . 

Pounds of Wool 

Fwes Rams 

6,7,8 20,21,22 

F\ Offspring 

11, 12, 13, 14, 15, 16, 17, 18 
F% Offspring 

7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21 

FIGURE 69. Schematic cross of high- and low-wool production through F a . 

In the schematic cross shown in Fig. 69, we are assuming that many 
pairs of genes contribute to the production of a heavy fleece and that 
the rams have more of these genes than the original ewes. Because 
probably none of our animals are homozygous, however, the offspring 
of such matings would get different combinations of genes from their 
parents. Wc might assume in the hypothetical case given that there 
were genes (//) which determined 2 lb. of wool production and others 
(h) which determined lb. of wool production. If we assumed 14 
genes determining wool production, then our ewes would have 2 H 
genes for the larger production and 12 h genes for the smaller, or 
2X2 = 4+12X^ = 3, or a total wool clip of 7 lb. Likewise the 
rams would have 10 H genes for the higher production and 4 h genes 
for the lower, or 10 X 2 = 20 -f 4 XJ4 = 1, or a total clip of 21 lb. 


Ewes 

Rams 

Hh 

HH 

Hh 

HH 

hh 

HH 

hh 

Hh 

hh 

Hh 

hh 

Hh 

hh 

Hh 


The ewes would most usually pass along 6 h and l//gene, thus con¬ 
tributing lb. to their offspring; whereas the rams would most 
usually pass along 5 H genes and 2 h genes, thus contributing 10J^ lb. 
to the offspring and giving many of the offspring a total wool produc¬ 
tion of 14 lb. The best the ram could contribute would be 7 H genes, 
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or 14 lb.; the worst 3 H and Ah, or 7 lb. The best the ewe could con¬ 
tribute would be 2H and 5 h or 5X lb., and the worst Ih, or 1? 4 lb -> 
so that the offspring would range from 8% to 19J4 lb. of wool. Most 
of them would be at the 13-, 14-, and 15-lb. levels, a few at 12 and 16, 
fewer still at 11 and 17, and so on to the above limits. In the F 2y there 
would be the possibility of exceeding either the lower or the higher 
levels of the original parents, but with the average remaining at about 

14 lb. , . . 

No one knows whether there are 14 or 14,000 genes concerned with 
wool production, and we all realize too that wool production is greatly 
influenced by feed, weather, and other environmental conditions. The 
above example is entirely schematic and is used merely to try to tic 
together genetics and practical breeding problems. 


PROBABILITY 

As an actual example of the workings of the laws of chance in yield¬ 
ing a normal distribution or dispersion of combinations, we might flip 
coins. If we flip a penny it may fall head or it may fall tail, and the 
chance of its doing so is 1:1, or there is H chance for each. 

If we flip two coins simultaneously, they may both fall heads and 
will do so in H X or J4, of the flips; the same for tails because the 
likelihood of any two events happening simultaneously is the product 
of the likelihood of one happening times the likelihood of the other 
happening. There are two ways of getting a head and a tail (M X 
or J<0, so that of the flips would give one head and one tail. 

If we flip three coins simultaneously, we expect to get three heads 
y 2 X H X or l A °f tbc time; two heads and one tail H X M X 
y X 3, or % of the time; two tails and one head H X H X ^ X 3, 
or % of the time; and three tails H X^ X or % of the time. 

If we flip six coins simultaneously, we expect to get all heads on 
very rare occasions, actually y X y X y X y X y X y, or 
1:64 times. The probability of getting five heads and one tail, four 
heads and two tails, and so on, is given by the ratio of coefficients of 
the various terms in the expansion of the bionomial (a + b) 6 to their 
sum, which are la 6 + 6 a*b + 15fl 4 ** + 20 a*b* + \5a*b* + 6 ab b + \b*. 

This begins to look quite similar to the dispersion of wool clip in the 
F 2 in our hypothetical data of Fig. 69, where we would expect to get 
a few sheep with low wool production, a few with high wool produc¬ 
tion, but most of them ranging close to the average wool production 
of their diverse parents. 

Probability is useful in solving problems relating to the likelihood of 
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getting certain classes of offspring. If a family is to consist of 6 children 
what is the probability of there being 4 girls and 2 boys? To solve such 
a probiem we let a stand for girls and b stand for boys. Now expand 
the binomial starting with la 6 . The term we want is the third in the 
series 15 a*b 2 . Since girls and boys appear in approximate equality in 
any population (as many girls as boys) then the likelihood of either 
is y 2 . So we substitute y 2 for a and H for b in the term 15 a*b 2 or 
15(H) 4 x (H) 2 = 15 X y& X y, or l % 4 . In other words, in 15 
families out of 64 that contain 6 children there will be 4 girls and 2 
boys. If we had asked this question about polledness, and both sire 
and dam were Pp , then we would use a = P polled = and 
b = pp horned = J4, since Pp X Pp gives 3 polled to 1 horned. Now we 
substitute these values in 15 a*b 2 y or 15 ( H) 4 (H) 2 = 15 X % 56 X Me 
or 121 ^4096, or 1/3.3. 

In other words in groups of 6 offspring each, from parents that are 
Pp for polledness, we expect 4 polled and 2 horned in about one-third 
of the cases. 


VARIATION FROM CROSSING OVER 

We learned in the preceding chapter that blocks of genes in two 
homologous chromosomes may change places with each other, thus 
in effect making up a new chromosome, just as a group of boxcars 
in one freight train could be shifted to another freight train and a like 
number from the second shifted into the places of the former in the 
first. The working of this principle of heredity increases the possi¬ 
bilities of variations to an infinite amount—so that the billion possible 
recombinations of whole chromosomes in cattle, for example, fade into 
insignificance in comparison. Again however, it will not be so bad as 
it seems if we lay our plans to render the genetic material of our ani¬ 
mals somewhat more homozygous than it is at present. These princi¬ 
ples of independent assortment or recombinations and crossing over 
bring it about that there is no limit to the possibilities of variation. The 
workings of these principles are, no doubt, the greatest cause of genetic 
variation in our farm animals. They explain perhaps why a cow can 
be bred to a certain bull and a heifer produced that yields 3,000 lb. of 
milk, and later the same cow be bred to the same bull and a heifer 
secured that can produce 6,100 lb. of milk. The first heifer yielded 
31 per cent less than her dam and the second one yielded 17 per cent 
more. Many, many examples of differences in appearance, in produc¬ 
tivity of full sisters or full brothers are well known to most of us. True, 
these variations may be in part due to differences in environment, 
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which we will study in the next chapter, but a goodly portion of the 
differences can be and probably is due to different genetic make-up of 
the animals concerned. 

INDIVIDUAL GENE VARIATION 

Variations that are caused by changes in individual genes are called 
mutations. We are well acquainted with gene changes, or mutations, 
because many of the illustrations we have been using to explain the 
laws of heredity are nothing else but mutations; dwarf peas are a 
mutant form of the gene for tall peas, the polled condition in cattle is a 
mutant form of the gene for horns, or vice versa. The laws of heredity 
were discovered by studying how contrasting forms of characters 
behaved in inheritance. If there were no changes in genes, we would 
not know anything about heredity. Gene mutations are germinal, or 
genetic, variations caused by changes in single genes. They are proba¬ 
bly due to changes in the chemistry of the gene, replacement of certain 
atoms by other atoms, or different arrangements of the same atoms. 

Since 1927 when Muller first discovered that treating the fruit fly 
with varying dosages of X rays led to increased rates of mutation, 
much experimental work of this nature has been performed both with 
X rays and with radium. The evidence indicates that bombardment 
of the genes by radiation does induce changes in the molecular struc¬ 
ture of the gene, which in turn is evidenced by changes in external or 
physiological characteristics. These changes occur naturally, but at 
very infrequent intervals. The rate of mutational changes has been 
speeded up as much as 150 times by X rays. Some genes have proved 
to be much more stable than others. Stadler studied the effects of 
X rays and radium rays on seven genes in corn and found a range of 
mutability varying from about 500 per million germ cells in one gene, 
100 in another gene, 11 in another gene, 1 in another, and no changes 
at all in still a different gene. 

We do not know exactly what causes gene mutations in nature. 
About 600 gene mutations have been recorded in the fruit fly. One of 
the earliest discovered was that which changes the eye color from red 
to white. In a colony of red-eyed flies a white-eyed male fly suddenly 
appeared, and when mated with a normal red-eyed female fly, the F x 
offspring were all red-eyed. In the F 2 , however, the white-eyed 
condition again appeared, but only in male flies. This is, therefore, 
a sex-linked, recessive mutation. Other changes in this same gene 
have resulted, so that there is now recorded a series of 14 alleles influ¬ 
encing eye color in the fruit fly, ranging from white through ecru, 
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tinged, buff, ivory, eosin, apricot, cherry, blood, coral, and wine to 
red. Reverse mutations also occur, that is, red eyes may mutate to 
white, and white may mutate back to red. 

Some gene mutations behave as dominants in heredity. A great 
many of the mutations arc lethal, the offspring never reaching ma¬ 
turity, whereas in others, for example, the white-eyed mutant, many 
other characteristics besides eye color arc affected, the white-eyed 
individuals being less robust, more sluggish, and shorter-lived. 

The best-known mutation among farm animals is, no doubt, the 
characteristic of pollcdncss, or hornlcssncss. This mutation probably 



FIGURE 70. A sheep with very short and crooked legs after the style of the Ancon. 


arose because of a chemical change of some sort in a gene. No doubt, 
they have arisen in all the breeds at times, and in most breeds they 
have been noticed and valued and a polled strain developed from 
them. The reason for the change in the chromosomes that prevents 
the horns from developing is unknown. 

Another mutation, now extinct, occurred many years ago in sheep. 
Seth Wright, a Massachusetts farmer, had dropped in his flock a ram 
lamb that was a mutant, being low-backed, long-bodied, and having 
short, crooked legs, something after the fashion of a dachshund. 
Farmer Wright recognized its value—its type of build, although not 
interfering seriously with wool production, was a decided deterrent 
to the sheepish pastime of fence jumping. The ram, a mutant, was 
used for breeding, and from this start the Ancon breed of sheep, 
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with the characteristics listed above, was produced, although the 
breed has long since been supplanted by the Merino. 

Regarding mutations in domestic animals, Babcock and Clausen 

state that: 

Any system of herd improvement founded on the search for 
and utilization of mutants is doomed from the beginning to fail¬ 
ure, for mutants of a beneficial character appear so rarely as to 
have almost no practical significance. If by some fortunate 
chance a breeder should find himself in possession of a favorable 
mutant individual, however, it is a simple problem in Mendelism 
to establish its characters in a constant race. 

For instance, if a mutant sheep were produced with no tail, a tail¬ 
less breed could soon be developed and the trouble of docking saved. 
No system of treatment has yet been advocated to produce beneficial 
mutations; perhaps none will ever be devised. 


GENERAL STATEMENTS ABOUT GENES AND MUTATIONS 

1. Genes are ultramicroscopic, chemical entities (possibly giant 
molecules) which are fairly stable and self-propagating. 

2. Gene mutations are sudden variations resulting from chemical, 
structural, position, or volume change in genes. If they occur in the 
germ cells, they become a part of the hereditary material; if they 
occur in the soma, or body, they may affect only one cell or whole 
groups of cells, but these somatic mutations do not become part of 
the hereditary material. 

3. Mutation generally occurs in one gene at a time. 

4. Mutation rates differ in different genes, vary from very low 
frequency in some genes to relatively great frequency in others, 
and the rates may be inherent and/or may be influenced by the 
environment. 

5. Mutations are more likely to occur in some parts of the chromo¬ 
somes than in others. 

6. Mutations may involve a series of changes in one gene (multiple 
alleles). 

7. Mutation: normal type to new allele is called direct. 

8. Mutation: mutant allele back to normal type is called reverse. 

9. Mutations have varying effects, from almost no effect on up 
to a lethal effect. 

10. Mutations are usually recessive and generally harmful or lethal. 
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11. Mutations may occur at any time, probably most frequently at 
maturation. 

12. Mutations that are dominant show up at once. 

13. Mutations that are sex-linked recessives show up at once in 
males. 

14. Mutations occur with appreciable frequency in nature. 

15. Mutations can be induced by radiation, temperature changes, 
and chemical agents, and are proportional to the severity, within 
viable limits, of the treatment given. 

16. Mutations must be proved by breeding experiments and analy¬ 
ses of the results. 

17. Several hundred gene mutations have been found in the fruit 
fly, corn, peas (Mendel dealt with seven of them), rats, rabbits, and 
some, too, in the higher animals, including man. Most of the problems 
at the end of the three preceding chapters involved gene mutations. 


VARIOUS CHROMOSOMAL ABERRATIONS 

In the many detailed studies of the behavior of chromosomes in 
small organisms and plants, many unusual things have been observed 
to happen to the chromosomes. This knowledge has come about, of 
course, through microscopic studies of chromosomes in organisms 
yielding abnormal results in breeding experiments. They may involve 
various sized blocks of genes, whole chromosomes, or whole sets of 
chromosomes. They have been brought to light generally through 
discrepancies in breeding behavior resulting in disturbances of the 
normally expected Mendelian ratios, in the creation of new linkage 
relations, or in the appearance of variable offspring. When such things 
occur, cytological or cell studies have generally revealed certain 
changes in the number or arrangement of the genes or a change in the 
actual number or form of the chromosomes. This close correspondence 
between the visible changes in chromosomes and changes in ratios of 
the individuals is, of course, the strongest possible evidence supporting 
the chromosomal theory of heredity. Since visible changes in the 
chromosomes result in recognizable variations in the fully developed 
organism, it seems more than justifiable that the chromosomes and 
genes are the actual determiners of characteristics. 


CHANGES IN BLOCKS OF GENES 

It sometimes happens that a chromosome becomes broken and one 
of the pieces becomes attached to some other chromosome. This 
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means that this group of genes, which normally belonged in a certain 
chromosome and showed linkage relations with other genes in that 
chromosome, suddenly shows linkage relations with genes in a differ¬ 
ent pair of chromosomes. An analogy might be to think of the handle 
of a fork becoming broken off and then becoming attached to the 
handle of a knife. This feature is known as translocation and many 
cases of translocation have been studied in recent years. They are 
generally first noticed by peculiar genetic behavior and then checked 
cytologically, though the reverse of this process has been true in a few 
cases. 
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FIGURE 71. Reciprocal translocation and catenation. 


Another type of chromosomal aberration is that called inversion. In 
this situation a portion of a chromosome has in some manner become 
inverted. This might happen because a chromosome became looped 
upon itself and then failed to uncoil in the normal manner. This possi¬ 
bility is indicated in Fig. 72. 

Still another type of change is that known as deficiency. This arises 
from the loss or inactivation of a portion of chromosome, which is not 
lethal provided the deficiency is not too large and the organism is not 
homozygous for the deficiency. 
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FIGURE 72. Process of inversion. 


Still another type of chromosomal aberration is that known as 
duplication. We have seen in the preceding section that a chromosome 
may become deficient or lacking in certain genes by a portion of a 
chromosome becoming lost. This might occur through unequal cross¬ 
ing over between two homologous chromosomes. If this happened, the 
unequal interchange, besides producing a deficient chromosome, 
would also give rise to a chromosome with some genes duplicated. 
This is illustrated in Fig. 73. 

One of the above chromosomes is deficient for genes B and C, 
whereas the other has a double dose of these genes, that is, they are 
duplicated. 
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The changes we have been discussing in this section have resulted 
generally from breakages and realignment of the material in the 
chromosomes. There is still another type of genetic variation which is 
fairly well known in plants, but not very well known in animals. This 
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FIGURE 73. Deficiency and duplication due to unequal crossing over. 

has to do with the changes in the gross numbers of chromosomes. The 
general feature is spoken of as heteroploidy. 

HETEROPLOIDY 

A new organism generally arises from the union of an egg and 
sperm, in each of which the number of chromosomes has been reduced 
to one-half the normal number for that species. This half-number is 
generally spoken of as the haploid number , or the n number. The coming 
together of these two half-numbers at fertilization again restores the 
chromosomes to what i^ normal for the species. This is called the 
diploid number , or 2n. Sometimes a new organism gets one too many or 
one too few chromosomes and is, therefore, 2n + 1 or 2n — 1. Many 
of these live and have been studied both genetically and cytologically. 

In the fruit fly forms are known that lack one member of the small 
IV pair of chromosomes. Such a fly is called a haplo -IV fly , meaning 
that it is haploid as far as the IV chromosome pair is concerned. One 
with an extra IV chromosome is called the triplo -IV fly. Such indi¬ 
viduals with any greater or smaller number of chromosomes than is 
normal for the species vary in their appearance from the normal to a 
greater or less extent. In other words, the normal number of chromo¬ 
somes is necessary for the production of a normal individual, though 
this does not mean that those individuals not having the normal num¬ 
ber of chromosomes will necessarily be unable to survive. 

In the Jimson weed, plants have been studied that showed a third 
member of one or the other of all the 12 pairs of chromosomes. These 
plants were all different in appearance from the normal. 

In the evening primrose where the normal chromosome number is 
14, the following numbers of chromosomes have been reported: 15, 
20, 21, 23, 27, 28, 29, and 30. Those with other than 14 chromosomes 
have definitely distinguishing characters, which indicates again that 
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the characters are under the control of the genes. Any organism that 
gets a number of chromosomes different from the normal for the 
species, and not at the same time a multiple of the haploid or n num¬ 
ber, is called a heterploid. 


POLYPLOIDY 

If the different number of chromosomes is a multiple of the haploid 
or n number, the individual is called a polyploid. The most frequent 
ones found are triploids (3 n) and tetraploids (4 n). Polyploids are 
known in many plants—the primrose, tomatoes, mosses, and in a few 
of the lower-animal forms, including the fruit fly. They probably arise 
naturally through failure of the germ cells to divide after the chromo¬ 
somes have divided. Polyploids have a commercial as well as a 
scientific interest, because the plants and fruits are usually larger, 
heavier-bearing, and more vigorous. A triploid boar has recently 
been reported in Sweden. 

Triploids generally result from the crossing of diploid and tctraploid 
parents. Reproduction by these forms is very irregular, for the three 
sets of chromosomes assort at random into all possible combinations, 
thus giving very few functional germ cells. 

Tetraploids are of two sorts. Those which arise within the species 
simply by doubling of the chromosome material arc called autotetra - 
ploids. These reproduce normally. Tetraploids have also been formed 
by crossing two species or genera, with later doubling of each parental 
set of chromosomes to form tetraploids. These arc called allotetraploids. 
One of the interesting ones in this category is a cross between the 
radish and the cabbage. These plants were fertile and bred true, each 
transmitting 9 radish and 9 cabbage chromosomes in each germ cell. 
It seems quite possible that a great many of our plants and animals 
may have been produced by nature in this way. 


BREEDING SYSTEMS AND VARIATION 

As will be brought out in later chapters, the system of breeding one 
uses can have a very marked influence upon variation. This is due to 
the fact that one of the two general systems of breeding keeps the 
genetic material quite heterozygous, so that much variation results 
from it. The other general system of breeding tends to make the 
genetic material homozygous, although even this leads to greater 
variation because under this system of breeding many different true 
breeding strains may be created. 
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VARIATION GUIDED BY SELECTION 

Although we do not believe that selecting animals with a definite 
end in view causes variations in that direction, it is nevertheless true 
that one variation in a given direction seems to make other variations 
in that direction more probable. This occurs because selection of 
animals with a greater than average number of desirable genes makes 
the production of animals with even greater numbers of such genes 
probable, following segregation and recombination. Thus it is well 
known that, by selecting in Holsteins or Ayrshires, the proportion of 
pigmented to nonpigmentcd area may be shifted from one of almost 
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FIGURE 74. A series of grades for classifying the plus and minus variations of the 
white spotting pattern of hooded rats. {From Castle , “Genetics and Eugenics ,” Harvard 
University Press) 


entire pigmentation to one almost white. Likewise, in Herefords, the 
white of the face, which behaves as a unit in inheritance, may be 
increased or decreased in area. Functional variations ( e.g. y speed in 
horses, milk production in cattle, and wool production in sheep) can 
also be guided by selection—in fact, it has been selection, both natural 
and artificial, that has given rise to most varieties. 

TYPES AND FREQUENCY OF VARIATION 

All animals will produce variations to a greater or less degree, de¬ 
pending upon the interaction of a great many factors. Sometimes 
extremely valuable animals arise from the mating of mediocre parents. 
Such variates should be studied carefully as to their ability to transmit 
their own desirable features, and nothing along this line should be 
taken for granted. Of decidedly more value than the animal that pro¬ 
duces one such outstanding individual and a host of inferior ones is 
the animal that has a tendency to beget a uniform lot of offspring 
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better than the preceding generation, even if the increase in excellence 
is small in each individual. 

Innumerable instances could be cited of full brothers that are 
evidently genetically unlike, because their offspring are very unlike. 
The same is true of full sisters; for example, in cattle one sister is often 
vastly superior to another in milk production. It is quite evident, 
therefore, that variation is a very potent and ever-present force mold¬ 
ing new forms both anatomically and physiologically, and that its 
mechanism is to be sought in the genes and chromosomes, their inter¬ 
actions with each other, and their potentiality for individual change. 

This chapter has dealt with genetic variations. Such variations, 
caused by changes in the genes or the chromosomes can, of course, be 
captured and bred into a herd or flock. In other words, genetic varia¬ 
tions as discussed in this chapter have the possibility of bringing about 
genetic changes in herds and flocks. Such changes are the real tangible 
material out of which progress in breeding better livestock can be 
fashioned. 


SUMMARY 

This chapter deals with genetic variations. There arc two kinds of 
variation, that which we call genetic and that caused by the environ¬ 
ment, with only the first sort being heritable. Of the portion of varia¬ 
tion which is genetic, part is due to the nature of the hereditary process 
itself, part due to causes as yet unknown. The nature of the hereditary 
process itself provides for a wide range of variation. This arises from 
the fact that the chromosomes assort independently into new recom¬ 
binations as germ cells are formed, thus automatically providing for 
many regroupings of paternal and maternally derived chromosomes. 
In addition to this, the hereditary process itself also provides for an 
additional vast amount of variation in the phenomenon known as 
crossing over in which homologous chromosomes may interchange 
blocks of genes. The other portion of the genetic variation we learned 
was due to gene changes or mutations, or to chromosomal aberrations 
of various sorts. Genetic variation can be guided into new directions 
by selection. Variation can indicate new and desirable gene combina¬ 
tions. Seeing, seizing, perpetuating, and amplifying them lie at the 
base of any breeder’s success in breeding better livestock. 

QUESTIONS 

1. On what does the breeder base his hope of progress? 

2. What are the two principal causes of variation? 
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3. Define mutation. 

4. Make ten statements about gene mutations. 

5. What is the formula for finding the number of possible recombinations 
of paternal and maternal chromosomes in any species? 

6. What are fixed genes? 

7. What are unfixed genes? 

8. How do you determine the likelihood of any two events happening 
simultaneously? 

9. What is the influence of crossing over on variation? 

10. List four kinds of chromosomal aberrations. 

11. Distinguish between heterploidy and polyploidy. 

12. What is the principal goal of selection? 

13. Would you be able to tell by its color the sex of an Ayrshire calf out of a 
mahogany-and-whitc Ayrshire cow? How? 

14. In what proportion of families of 5 children would you expect to find 
5 boys; 4 girls and a boy; 2 boys and 3 girls? 

15. In a family there are now 6 girls. What arc the chances that the next 
child will be a boy? 

16. Have mutations or recombinations been the more important cause of 
progress in animal breeding? 

17. What would be the effect of a sex-linked lethal in cattle? 

18. Is it perfectly natural to expect a bull to occasionally sire 10 heifer calves 
in succession? Why? 

19. Is there any genetic advantage in providing breeding animals with the 
best possible environment? 

20. Why does an animal usually transmit somewhere between its own pheno¬ 
type and that of its close relatives? 
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In the preceding chapter, it was pointed out that many recombina¬ 
tions of whole chromosomes occur as germ cells arc formed and also 
that, where crossing over takes place, recombinations of genes occur. 
In addition we saw that many types of changes can and do occur in 
individual genes and in chromosomes. Such recombinations and 
genetic changes cause variations both in qualities and the quantitative 
expression of characters in plants and animals, and they may be 
hereditary. If all variation in our animals were of this genetic nature, 
animal improvement through selective breeding would be a relatively 
simple sort of thing. We would just have to select offspring from our 
best animals and progress would be sure and automatic. 

Breeders have learned from sad experience, however, that improve¬ 
ment is neither sure nor automatic. We must therefore try to learn why 
desirable variations are not automatically passed on to an animal’s 
offspring. One of the reasons for this lies in the nature of the hereditary 
process itself, the fact that an animal passes to each offspring only a 
sample half of its own total hereditary stock of genes and chromosomes. 
This is a good thing in the sense that the combination of genetic mate¬ 
rial from two animals may produce an animal that is better than its 
parents. It is a bad thing in the sense that the improved offspring does 
not pass along its total inheritance, thus ensuring that its offspring 
will be as good as it is. 

The other reason why variations are not automatically passed along 
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to descendants lies in the fact that the variation may have occurred in 
the soma, or body, cells of an animal (not in the germ cells) or because 
the variation was caused by the environment. Both these variations 
are nongenetic types. A consideration of these two features will engage 
us in this chapter. 

We might mention at this point that it is often very difficult to deter¬ 
mine when any animal is born whether some variation that it exhibits 
is due to heredity or to some environmental circumstance during its 
embryological development. Likewise many of the characters that an 
animal has inherited are not visible at birth but will be revealed as 
growth proceeds and performance ensues. 

GENERAL ENVIRONMENTAL INFLUENCES 

Among the external stimuli that cause variation arc light, tempera¬ 
ture, food, moisture, management, and other influences tending to 
make the organism deviate from its normal, as specified by the 
make-up of the germ cells that gave rise to it. As pointed out by Bab¬ 
cock and Clausen, external stimuli may affect the development of 
characters in three ways. 

1. They may modify the development of inherited characters; for 
example, red, white, or blue light causes marked variations in the 
showy Sedum, even though the several plants are of the same genetic 
make-up. Temperature affects the degree of pigmentation in moths 
and butterflies. Food supply affects the relative size of body parts of 
Hyalodophina , a crustacean. Moisture affects the plumage color of 
pigeons. 

2. They actually condition the production of characters whose 
heredity determiners are present in the germ plasm. For example, 
light conditions normal development in plants. Temperature, when 
low, causes red flowers in the Chinese primrose; when high, it induces 
white flowers. The kind of food supplied to the larvae of bees deter¬ 
mines whether the females shall be fertile (queen bees) or infertile 
(workers). Moisture concentration brings about development of 
abnormalities in black banding on the abdomen of Drosophila , a fruit 
fly. 

3. They may cause germinal variations that result in the appear¬ 
ance of new heritable characters. 

If it is possible to modify the function of any organism in a given 
way, it must be because the organism inherited the ability to react in 
such a way. This does not necessarily mean that offspring from such 
an individual would necessarily show the same aptitude to modifica¬ 
tion. That would depend on the genetic make-up of the individual in 
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question. Animals of a good strain that are themselves stunted and not 
developed to the limit of their inherent capacities may beget offspring 
of a type capable of great development. In one experiment, daughters 
of scrub cows, developed under an environment tending toward full 
development of capabilities, produced 13 per cent more milk and 12 
per cent more butterfat than their scrub dams of the same type ol 
breeding, which had been developed under less favorable conditions. 
A remarkable instance of the great influence of the environment was 
reported from Denmark in 1947. Six cows that had averaged 370 lb. of 
butterfat in a year under average conditions were given a long rest, and 
when they calved they were fed heavily, milked four times daily, and 
so on, with the result that next year they averaged 909 lb. of butterfat. 

It is the province of animal breeders to develop fully all the capa¬ 
bilities that their animals possess. Not that these so-called modifications 
will necessarily be inherited, but if the parents exhibit favorable 
response to certain environments, it must be because they carry that 
particular type of germ plasm, and unless they are extremely heterozy¬ 
gous, the offspring of such parents should in general exhibit like 
capabilities, provided the heredity from the other parent does not 
interfere. Modification is an aid to selection, but like all other aids 
must subject itself to the breeding test. 

SOMATIC VARIATIONS 

The general specifications or potentialities for any animal are deter¬ 
mined by the chromosome and gene contents of the egg and sperm 
that united to produce the animal. Except for identical twins, which 
arise from a single fertilized egg, every separate animal is unique as 
regards these specifications because it is unlikely that an exactly simi¬ 
lar sperm from the specific sire or any sire will ever again fertilize an 
exactly similar egg from the specific dam or any other dam. 

As the zygote begins to grow by cell division and to form an embryo 
and fetus, mutations may occur in its developing body cells at any 
time. Something might happen just as the limb buds were starting to 
grow out from the body to bring it about that, say, in one foreleg of a 
calf, the growing cells did not separate to eventually produce two toes 
but stayed together so as to form a solid one-toed hoof. Such a condi¬ 
tion would not be hereditable under our supposition because this 
change or variation was not due to something that happened in the 
genes in the germ cells, but rather to something that happened to 
some of the developing soma, or body, cells. 

You have perhaps seen people with one brown eye and one blue 
one. Such a person probably inherited brown eyes, but something pre- 
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vented the brown pigment from forming in one eye. Or a person might 
have one ear a bit larger, or one arm or leg a bit longer than the other 
not due to his heredity but to some developmental occurrence. 

There is no way that these affected body cells can turn around and 
affect the germ cells from which they came. This gets us into the field 
of the inheritance of so-called acquired characters. 

ACQUIRED CHARACTERS 

The possible hereditary nature of acquired characters has been 
called one of the historic battle grounds of biology. The animal breeder is 
vitally interested in the question because the successful breeder seeks 
to develop for himself and to leave to posterity a better type of animal 
than the one with which he was supplied at the beginning. It is per¬ 
fectly natural for him to hope, and perhaps believe, that any increase 
in quantity or quality of produce he can bring about will be cumula¬ 
tive in his animals. 

Before proceeding to a discussion of the evidence pro and con, it is 
essential to define specifically what is meant by an acquired character. 
Shull defines acquired characters as “those modifications of bodily 
structure or habit which arc impressed upon the organism during its 
individual life.” As Thompson has stated it, the precise question at 
issue is this: 

Can a structural change in the body, induced by some change 
in use or disuse or by a change in surrounding influence, affect 
the germ cells in such a specific or representative way that the 
offspring will through its inheritance exhibit, even in a slight 
degree, the modifications which the parent acquired? 

Any one of the higher organisms is the result of the union of a cer¬ 
tain spermatozoon with a certain ovum. The chromosomal content 
of the particular spermatozoon and of the ovum that have united to 
produce any given individual determines the normal characteristics 
for this individual. With normal nutriment and a normal environment 
the individual will approximate its own norm as specified through its 
heredity. Now both the anatomy and physiology of the organism are 
perfectly capable of modification, and the precise question at issue is 
whether or not such bodily modifications will in turn act upon the 
germ cells and thus become a part of heredity. 

LAMARCKISM VERSUS WEISMANNISM 

Lamarck, a French scientist, and Darwin, the famous English 
author of “The Origin of Species,” believed that acquired characters 
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could be inherited. For a mechanism, Darwin suggested, that the 
blood stream which bathes all parts of the body might have something 
(gemmules) put into it by the part affected, or by the character 
acquired (which may actually mean a part lost), and that the blood, 
later flowing to the testicles and ovaries, would deposit this something 
in the ova or spermatozoa and thus bring about the development of the 
character in the offspring. This is the theory of pangene sis. 
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FIGURE 75. The supposed method of transmission of acquired characters. 


Historically, Weismann was the first chief antagonist of the theory 
of the inheritance of acquired characters, and he also developed the 
idea of the continuity o! the germ plasm. Under this conception the 
germ cells that any individual produces are thought of as arising, as do 
all the other cells of this individual, from the original zygote. Under 
this view the type of germ cell produced is dependent on the nature of 
the original zygote and is independent of influence by the soma, or 
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FIGURE 76. The continuity of the germ plasm. This also illustrates the fact that 
germ cells arise from previous germ cells rather than from present somatoplasm. 


body, that has also arisen from the original zygote. Figures 75 and 
76 should make clear the differing features of these two systems. 


REQUIREMENTS FOR PROOF OF INHERITANCE OF 
ACQUIRED CHARACTERS 

Babcock and Clausen say: 

To satisfy the rigid requirements of an experimental proof any 
evidence of the inheritance of acquired characters must fulfill the 
following conditions: 
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First, a specific character or modification in the body, or soma, 
must be impressed upon the organism by a known factor in its 
environment or in its exercise of bodily function. 

Second, the character or modification must be new. There 
must be no question of the reappearance of ancestral traits or 
characters, or of the specific relations of the determining factor 
to the character or modification in question. 

Finally, the induced change in the organism must reappear to 
some, though not necessarily to its full degree in succeeding gen¬ 
erations in the absence of the original factor which determined 
its production. Other conditions in the life of an offspring must 
remain unchanged. 

The problem of the inheritance of acquired characters can be con¬ 
veniently divided into three categories: (1) anatomical modifications, 
(2) environmental modifications, and (3) functional modifications. 


ANATOMICAL MODIFICATION 

There are abundant data relating to mutilations. When the tail of a 
sheep is docked the sheep has acquired a character during its indi- 



FIGURE 77. Bovine monster. Embryonic abnormalities of this type are the excep¬ 
tion rather than the rule. 

vidual development, namely, taillessness. It is well known that this 
characteristic is not passed on to descendants of this sheep, but that in 
succeeding generations it will be necessary to dock the lambs notwith- 
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standing the fact that docking has been practiced for hundreds or 
thousands of generations. In this category come also the clipping of 
the horns of cattle, docking of horses’ tails, clipping of dogs’ ears and 
tails, and so on. In none of these cases is the acquired character con¬ 
tinued in the offspring. In the human family, there might be men¬ 
tioned circumcision, which has been practiced for thousands of years, 
and also the binding of the feet by Chinese girls in order to keep them 
small. Here, no more than in the cases cited of farm animals, is there 
found evidence that these acquired characters are being inherited in 
even the slightest degree. 

Weismann, in order to test this hypothesis, cut off the tails of mice 
for 19 generations in succession and secured no shortening of the tails 
or absence of tails in any of the descendants. As Walter remarks: “It 
is a good thing that children of warriors do not inherit their parents’ 
honorable scars of battle else we would have long since been a race of 
cripples.” 


ENVIRONMENTAL VARIATIONS 

Examples from both the plant and the animal kingdoms can be 
cited. Capsella , a wayside weed, had gradually climbed to a mountain¬ 
ous habitat. As it climbed it “acquired” a dwarf character—at least 
it grows luxuriantly in the valley and is small, compact and dwarfed 
in its mountain home, and when taken back to the valley, continues 
in its dwarf characteristics. This can just as well, if not more logically, 
be explained by saying that plants genetically so constituted that they 
grew somewhat dwarf would, for that reason, have a better chance of 
surviving under the more rigorous conditions and decreased food 
supply that prevails in an ever-increasing degree as the mountains are 
ascended. In other words, the change was not due to the inheritance 
of acquired characters, but to “natural selection.” 

Another example is the wind-lashed trees of our sea coasts, with all 
the branches growing out on the land side and pointing landward. 
It is not likely that seed from such trees would produce trees with that 
peculiar habit of growth if the trees were grown where the almost 
steady sea breezes did not blow. The case of the persistent sunburn of 
white men long resident in India might also be mentioned, but this 
“acquired characteristic” fails to reappear in their children who live 
in more temperate climates. 

Ponies inhabiting the Shetland Islands are dwarfed because of the 
harsh climatic conditions and resultant scanty food supply. If brought 
to America’s corn belt, such animals would no doubt give rise to off- 
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spring that would greatly excel them in size. Now, if these larger 
offspring, after reaching maturity, are returned to the Shetland 
Islands, will they continue to produce offspring that will attain large 
size? It is very unlikely that they will, and even though they did, 
natural selection would give as logical and perhaps a more reasonable 
explanation than the inheritance of acquired characters could muster. 

A cow might produce 8,000 lb. of milk in her first lactation, 14,000 
lb. in her second, and 10,000 in her third; or a sow produce 6, 16, and 
11 pigs in her first three litters. Such variations are not at all uncom¬ 
mon and are caused by different environmental factors internal or 
external; they have no way of registering themselves in the germ 
plasm. Hogs and beef cattle reach marketable weights much sooner • 
than formerly, but this, for the most part at least, is due to different 
feeding and management programs. 

FUNCTIONAL VARIATIONS 

As Davenport suggests, the differences between animals in a given 
species arc differences of degree and not of kind—they are quantita¬ 
tive and not qualitative. Horses show horse characteristics and not 
rabbit characteristics, except as both have certain general character¬ 
istics in common; cattle show characteristics of the cattle family, and 
not those of the swine family, except as they have certain ones in 
common. Horses have draft power or speed, cattle give milk, hogs lay 
on fat—some, of course, to a greater degree than others—but they all 
exhibit the characteristics of their own species and not the distinguish¬ 
ing characteristics of other species. In other words, they inherit in the 
germ plasm all the potentialities of their species in greater or less de¬ 
gree, depending upon the strain to which they belong. In addition, 
the environment in which they develop and live determines how far 
these potentialities are developed. Therefore, if a horse is able to trot 
fast because of his having inherited the tendency and because the 
tendency has been given play for full development by a fast track, 
careful trainer, proper harness, and so on, or if a cow inherited the 
tendency to produce large quantities of milk and this proclivity is 
subsequently fully developed by proper care, feeding and manage¬ 
ment, is the assumption at all justified that these animals have ac¬ 
quired any new characteristics? The fair answer is that no new charac¬ 
teristics have been acquired by either the horse or the cow. Inherent 
characters have been developed, perhaps exceedingly well developed, 
but no new ones have been acquired. 

The point at issue is whether or not any increased functional activ- 
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ity will be registered in the germ cells and thus influence future off¬ 
spring. Many breeders of dairy cattle think that, after, and because, 
the cow has made a big record, a cow will drop higher-producing 
calves than she did before the big record was made. This is not true. 
Due to the sampling nature of inheritance a cow may drop better 
calves after she has made a big record but not because of it. Animals 
transmit the same at all ages except for sampling variations. 

If you greatly developed your muscles with bar-bell exercises, your 
child would not be any more heavily muscled at birth, but since he is 
a “chip off the old block” sufficient exercise later would probably give 
him big muscles. Similarly, if you develop your “brain power” 
through hard study or otherwise, your children will not be born any 
brighter. They will still have to learn to walk, to talk, to behave them¬ 
selves, and if they aspire to be bright, they will have to work at it. 


ARGUMENTS AGAINST HEREDITY OF ACQUIRED CHARACTERS 

The reasons for the unwillingness to subscribe to the belief in the 
heredity of acquired characters may be grouped as follows: 

1. There is no known mechanism in the body capable of impressing 
soma, or body, changes on the germ cells. 

2. The evidence, although partial in some cases, is by no means 
conclusive. 

3. The theories of the continuity of the germ plasm and of germinal 
variation can account sufficiently well for all observed facts of heredity. 

In order to study the effect of the soma on the germ cells, Dr. Castle 
at Harvard transferred the ovaries of a sexually immature black 
guinea pig into an albino (white) guinea pig whose own ovaries had 
previously been removed. The operation was entirely successful, and 
in due time the animal with the substituted ovaries was bred to an 
albino male and produced, in all, three litters totaling six individuals. 
This female was albino (with substituted black ovaries) and was bred 
to an albino male. Albino bred to albino in guinea pigs invariably 
produces albino offspring, but in this case all the offspring were black. 
Some of these in later breeding trials behaved in hereditary trans¬ 
mission as normal black guinea pigs would be expected to behave. 
This critical experiment shows that the ovaries that had been trans¬ 
ferred to a white body were, after a year’s location in their new 
environment, still producing ova with the gene for black—and it is 
indeed inconceivable that they could ever have produced any other 
kind. This experiment indicates that there is no mechanism in the body 
capable of impressing soma, or body, changes on the germ cells, al- 
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though it, of course, does not prove this to be absolutely so, it being 
impossible to prove a universal negative. 

IMPORTANCE OF ENVIRONMENT 

So that no one draws unwarrented conclusions, we wish to stress 
here the point that environment is just as important a consideration 
in breeding as heredity. Actually, of course, you cannot have one 
without the other. As we said earlier in this book, heredity provides 
ability, environment provides opportunity—and for profitable live¬ 
stock husbandry, we must have both. An old adage sums it up very 
briefly and truly, “Half the breeding goes down the throat.** 

In the earliest forms of life, which were practically naked germ 
plasm or germ plasm and soma, or body, plasm all in one cell, the 
environment probably did cause a lot of changes in the genes, resulting 
in genetic variation. This was an active contribution to the develop¬ 
ment of life. It is doubtful, however, that this prevails to any marked 
degree in the higher animals of today because the genes in their germ 
cells would seem to be pretty well insulated against external forces. 
Gene and chromosome changes do occur even in the higher forms of 
life, but we know very little about what causes them. We can induce 
changes in the genes of some of the less complex plants and animals by 
X ray and other means. Perhaps it will be possible to do this in higher 
animals too, but probably most of the changes will be harmful, rather 
than beneficial. 

Environment has played another and very important part in the 
development of life on this planet. This has consisted of serving in the 
nature of a sieve—to let favorable variations, those better adapted to 
the given situation, live and reproduce, while weeding out or killing 
off the less desirable variants. This is its passive contribution. 

Breeders have made many contributions to better livestock through 
improving environment. Much more can and will be done in this 
field. 

The student should constantly keep in mind the fact that there is a 
constant interplay between heredity and environment. Butterfat per¬ 
centage in dairy cattle is no doubt influenced to some extent by various 
environmental factors, but not to such an extent as is milk yield or 
color of butterfat. Regardless of breed or butterfat test, or genetic 
make-up of cows, the butter from cows fed a ration lacking in coloring 
material is usually white, but when the ration is changed to include 
grass, silage, yellow mangels, carrots, etc., the butter changes to a 
yellow color. Likewise the amount, color, and distribution of fat in 
meat animals can be greatly influenced by feeds and management. 



NONGENETIC VARIATION 225 

Probably most of the variations in our farm animals are caused by 
environmental rather than genetic factors. To put it into genetic 
terms, animals that are best phenotypically are probably not equally 
good genotypically. This does not mean that we should stop selecting 
from our better animals. We certainly must keep on selecting from our 
best. But if we do not make such rapid progress in breeding better live¬ 
stock as we had hoped we would, part of the answer is probably to be 
found in the fact that we have assumed that superiority was due to 
genes when it was largely due to environment. 

PRACTICAL ASPECTS OF NONGENETIC VARIATION 

Enough has been said to indicate that variations caused by non- 
genetic influences are not inherited, and the preceding chapter dem¬ 
onstrated that variations caused by genetic factors could be inherited. 
The breeder’s task is to learn how to distinguish between genetic 
and nongenetic variations. If this were easily accomplished, breeding 
progress would be much faster than it is. There is no easy way, in fact 
no sure way, to make this distinction. Some mathematical procedures 
have been developed to separate genetic from environmental influ¬ 
ences, but they are far from perfect and at present of little value to the 
practical breeder except in showing what proportion of the variation 
in general is caused by heredity and what proportion is caused by 
environment. Breeders must continue to provide the best environ¬ 
ment possible for their animals in order that the best heredity may 
have an opportunity to express itself. 

The breeder’s success depends ultimately on his ability to detect 
and breed from those animals in his herd and flock that show favorable 
variation which is of a genetic basis. To do this, he must keep records 
of performance on all his animals and make as reasonable an allowance 
as he can for the contribution that cither good or bad environment 
has made to the excellencies or deficiences which his animals exhibit. 
Only in this way can he put a firm genetic foundation under his 
attempts to breed better livestock. 

SUMMARY 

Variations in our animals may be due to changes in the body cells, 
or somatoplasm; or may be caused by some factor or factors in the 
environment. The only possible conclusion concerning these types of 
variation is that they are not heritable. Any animal inherits a certain 
“norm” specified by the genetic material supplied by its parents. This 
“norm” may be influenced by many environmental factors. It is like 
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any elastic material, such as dough or newly mixed concrete. Within 
limits it can be molded into different forms by the environment. 
However susceptible the somatic tissues may be to molding, there is no 
conclusive evidence that molding of the soma itself can have any 
influence on the germ cells. The task of differentiating between 
environmental and hereditary variation is not easy, but on its accom¬ 
plishment depends in no small measure the breeder’s ultimate success. 


QUESTIONS 

1. What are the two general types of variation? 

2. In what ways may the environoment influence variation? 

3. Is any condition found in a newborn animal necessarily hereditary? 

4. Define acquired characters. 

5. What would be necessary to establish proof of the inheritance of acquired 
characters? 

6. What are the arguments against the inheritance of acquired characters? 

7. In what two general ways has the environment affected plant and 
animal life. 

8. Among animals, are genetic or environmental variations more numerous? 

9. Among animals, are genetic or environmental variations more impor¬ 
tant? 

10. Do you think that variations due to inborn genetic differences or those 
due to environment and training arc the more important in determining 
differences among people? 

11. What advantages and disadvantages would result from the inheritance 
of acquired characters? 

12. How might differences between full brothers or sisters be accounted for? 

13. What arc the main differences between somatic and germinal variations? 

14. Why must the breeder understand the differences between the two 
general types of variation? 

15. Why is it more difficult to study the heredity of such things as size or 
yield than it is things like color? 

16. What probably is the effect of most mutations? Why? 

17. Can different genotypes yield the same phenotype, say, 10,000 lb. of 
milk a year? 

18. Of what special value to breeding knowledge are identical twins? 

19. In what way may a very poor environment be a hindrance to the genetic 
improvement of livestock? 

20. In what way may a very good environment be a hindrance to the 
genetic improvement of livestock? 

21. Would absolute control of the environment be of assistance in genetic 
selection? Explain. 

22. List any ideas or opinions that your study of this chapter has caused you 
to change. 
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We have tried to explain the workings of reproduction, heredity, and 
variation in the simplest terms we could use. We have used many 
simple, practical illustrations. Space, however, made it impossible 
for us to introduce all the discussions of practical items which we 
would have liked to. Therefore, before proceeding to a discussion of 
systems of breeding and selection, we will, in this chapter, apply our 
newly acquired knowledge of principles in order to answer some very 
practical questions in the field of animal breeding. First, let’s finally 
lay to rest some of the old ghosts that have haunted animal breeding 
for such a long time, and then we will go on to something constructive. 


BLOOD 

Blood does not itself operate in heredity, though many of us speak 
of pure bloods, blue bloods, and so on. The type of blood an animal 
has depends upon heredity, but blood as such is formed in the embryo 
itself and is constantly replenished throughout life. When we say that 
an animal born of a grade cow by a purebred bull is 50 per cent pure 
blood, what we actually mean, of course, is that it got 50 per cent of 
its chromosomes and genes from a purebred source. 
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DISEASE 

The term disease is a broad one. It includes abnormal states brought 
about by microorganisms, such as bacteria and viruses. It also involves 
damage caused by injuries, abnormalities caused by deficiencies of 
nutrients, and mental disturbances. The basis for mental disease may 
be hereditary. Certainly this seems to be so in many cases of feeble¬ 
mindedness. Actually, mental disease is an expression of a defective 
nervous system. Many people think that certain diseases, such as 
tuberculosis and Bang’s disease, are hereditary. This is not true. How¬ 
ever, animals do vary in their abilities to resist the attacks of diseases, 
and this probably has a hereditary basis. An animal might become 
infected in its mother’s womb. It might become infected the day it is 
born or a month after it is born. These arc all cases of reinfection, not 
the hereditary transmission of any disease. The only things that are 
hereditary consist of the chromosomes and genes in the egg and sperm. 

CONGENITAL CONDITIONS 

The term congenital is often used to express things that an animal 
shows evidence of having when it is born—natal conditions. Some 
people apparently have the notion that anything that is evident when 
an animal is born is due to heredity. This is not necessarily so. The 
organism has lived for several months before it is born and we know 
that numerous embryologic and fetal abnormalities may occur. When 
an animal is born with an abnormality, it may be due to heredity or it 
may be due to something that happened to it in its mother’s womb, 
having nothing whatsoever to do with chromosomes and genes. It 
will pay us then to be a little cautious and not to assume that anything 
showing up at birth is necessarily hereditary. 

TELEGONY 

Telegony is the old belief that the type of sire which first breeds a 
female will in some way have an influence upon all of that female’s 
later offspring by other sires. This is not true. We know that the 
inherent qualities of any animal are determined by the specific egg 
and sperm that united to produce it. We also know that the sperm have 
a relatively short life in the female genital tract. None could possibly 
live to fertilize an egg secreted 1 year or 10 years later. We should try 
to breed our females to the best males available. That’s common sense. 
However, if the first breeding of a female happens to be by a scrub sire, 
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that first offspring will perhaps not be too desirable, but if the dam is 
ever thereafter bred to superior sires and she is a good, superior female 
herself, the offspring should be all right. At least they will not be 
influenced by the female’s unfortunate first breeding. 

MATERNAL IMPRESSIONS 

The belief that the experience of a pregnant female can, in some 
way, be registered on the developing embryo or fetus is rather wide¬ 
spread. Granted normal health, feeding, and care of a female during 
pregnancy, the above belief is decidedly erroneous; and when we stop 
to think about the implications, we probably will conclude that this 
is a fortunate thing. 

PREPOTENCY 

Queer beliefs are held about the matter of prepotency. Some ani¬ 
mals are supposed to be very prepotent, others not. Prepotency 
actually, of course, is a matter of what’s present in the germ cells. If 
an animal is homozygous for some dominant character, all its off¬ 
spring will show that particular character. Prepotency then depends 
upon dominance and homozygosity. If an animal is genetically PP , 
all of its offspring will be polled. If it is Pp , they may be polled; and, of 
course, if it is pp , its offspring cannot get the polled characteristic from 
that parent. Some animals are prepotent for many qualities for the 
above reasons. Some fail to mark their offspring to any degree like 
themselves. Whatever the degree of prepotency may be, it is due to 
genes and chromosomes and not to some mysterious force called 
prepotency. 

PERSISTENCY 

Some cattle breeders have a notion that if a heifer does not milk for 
10 months or a year in her first lactation, she may not be very per¬ 
sistent thereafter. That often is true, but it is not because the heifer 
was milked for a short period but because the heifer inherited a lack 
of persistency, and what is worse, is likely to pass it along to her off¬ 
spring. Whether a heifer is going to be persistent or not depends upon 
her genetic make-up—not on whether she is milked 6 or 12 months in 
her first lactation. 


POTENTIALITIES 

What animals actually inherit are potentialities and not character¬ 
istics. A horse might inherit the potentiality for great speed; but if he 
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is never trained and schooled in racing, he will set no records. How¬ 
ever, if he got the potentialities for speed, he may pass them on to his 
offspring, whether he ever exhibits the character himself or not. A cow 
might inherit the ability to produce 10,000 lb. of milk, but poor devel¬ 
opment and feeding limit her to 6,000 lb. A pig might inherit the 
capacity to grow into a good bacon hog, but his type of feeding turns 
him into a chuffy lard hog. “Half the breeding goes down the throat.” 
We inherit potentialities; if we get into the proper environment, the 
potentialities develop; if we don’t, then they don’t. 

H. L. Schaller, editor of Better Farming Methods , recently editorial¬ 
ized on a story of an old man who, when a boy, was given a cucumber 
in a bottle. The cucumber was too large to be withdrawn from the 
bottle. How did it get there? By slipping the bottle over a small 
cucumber while the latter was still growing on the vine. This can 
serve nicely as an illustration of heredity and environment. Heredity 
comes to the cucumber from its parents and possibly this particular 
bottled cucumber got the heredity to enable it to grow into a very big 
one. But if the bottle in which it was placed was small, its growth 
would have to stop long before it reached its maximum potential size. 
We and our animals inherit only potentialities. The environment often 
limits the expression of inherited potentialities. 


ATAVISM OR REVERSION 

These terms, meaning the reappearance of some ancestral trait or 
character after a skip of one or several generations, are often encoun¬ 
tered in the older literature on animal breeding. Such reappearances 
were more or less mysterious before the physical basis of heredity was 
understood. The birth of a red Angus when the past four generations 
have been black is known to be due to each parent supplying the gene 
for red. Recessives may be carried along, hidden by dominants, for 
any number of generations. Whenever two recessives come together, 
or, in other words, whenever the dominant gene is lacking, the 
“atavistic” character will be evident. Atavism or reversion is the sud¬ 
den reappearance of some ancestral trait, but there is nothing mysteri¬ 
ous about it, for it is one of the normal manifestations of the hereditary 
mechanism. 

Actually you are now able to figure out the genetic make-up of a 
population for some character determined by one pair of genes show¬ 
ing dominance, if you know the proportion of recessive animals which 
appear in that population. If 1 per cent of the Holstein calves which 
arc born are red and white, we know that they are bb genetically; 
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b = red gene, B = black gene. Now if bb, red calves, equals 1 per 
cent or, 0.01, then b must equal 0.1 since 0.1 X 0.1 = 0.01; and if 
b = 0.1 then B must equal 0.9 because the sum of the B and b genes 
in the population must be unity or 1.0. So if bb, or b X b y or 0.1 X 0.1 
is equal to 1 per cent, or 0.01, then BB, or B X B y or 0.9 X 0.9 is 
equal to 81 per cent, or 0.81, and that leaves Bb equal to 18 per cent, 
or 0.18. So if 1 per cent of Holstein calves are born red, then the genetic 
make-up of the whole Holstein breed for color is 81 per cent BB (black 
and white), 18 per cent Bb (black and white but heterozygous), and 
1 per cent red and white. 


VARIATION 

Breeders used to think, and many still do, that all variation is 
hereditary. This, we know, is not so. In fact it appears that a minor 
portion of variation in many qualities is due to heredity and that most 
of it is due to factors in the environment. It behooves us, therefore, to 
try to determine as accurately as we can how much of any variation 
is due to heredity and how much to environment; only the genetic 
variations, of course, can be passed along to offspring. 

AGE 

Some seem to have the notion that the way an animal transmits to 
its offspring can be quite different when the animal is 10 years old, 
from what it was when it was 1 year old. This is not so. Any animal 
gets its hereditary material from its parents, and hereditary material, 
the genes themselves, are practically entirely stable. Speaking gener¬ 
ally, they do not change. The animal will, of course, pass along differ¬ 
ent samples of its heredity to its offspring. It might pass along poor 
samples when it is young and better ones when it is old, or vice versa, 
but this would be a mere coincidence. Some think that if a cow makes 
a great big record when she is six years old, that her calves born after 
that time will have a better heredity because the cow has made this 
big record. The direct reverse of this assumption had some popularity 
15 or 20 years ago. Neither of these ideas, of course, is true. 

PHENOTYPE AND GENOTYPE 

Phenotype is what an animal looks like or how it performs: genotype 
is what it has in its genes. A Pp animal is polled (that is its phenotype), 
but it will pass along the gene for horns to half of its offspring. In 
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short, we cannot tell by the individuality of an animal, by looking at 
it, how it will transmit except, of course, for recessive traits. In the 
selection of breeding animals there should be two questions in your 
mind. First, what kind of individual is this? It should be a good one. 
Second, and perhaps even more important, I wonder what kind of 
chromosomes and genes there are in the testicles or ovaries. The aver¬ 
age of several milk records by a cow, or the average size of several 
litters from a sow, are a better indication of their probable heredity 
for milk or for litter size than is just one expression of the character, 
since every time the character is expressed, there are many environ¬ 
mental influences helping to shape the expression, just as the genes and 
the chromosomes are helping to shape the expression. 


PEDIGREES 

Pedigrees are often erroneously used. Sometimes great store is laid 
by the fact that a famous animal is present in the fifth generation of an 
animal’s pedigree. This, in itself, of course, means nothing. Remember 
that heredity is a halving process; an animal passes along a sample 
half of its total heredity to each of its offspring. Take $1 and halve it 
five times; first halving gives 50 cents; second halving gives 25 cents; 
third halving gives 12V3 cents, fourth halving, 6V£ cents; and fifth 
halving, 3^j cents—not many cents after you have halved the $1 five 
times; just as there is not much sense in weighting distant ancestors 
very heavily. Pay attention to those up close. They are the ones that 
count most. 

Another fallacy about pedigrees is the way in which family names 
are sometimes used. An animal will be advertised and touted as a 
member of the Green family because a Green family animal appears on 
the bottom line of the pedigree in the fifth generation back, but all the 
other 30 animals in that five-generation pedigree may be of family 
White. It is rather silly then to say that this particular animal belongs 
to the Green family. 


NICKING 

The term nick is used to sum up in a general way the results, good or 
bad, of one or several matings. If a mating of animal A and animal B 
has given a particularly good offspring, breeders say they nicked well, 
and of course they may have nicked poorly. The term is more often 
applied to good nicks and it generally implies that the mating turned 
out better than one would have expected. From the nature of the 
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hereditary process this is not surprising. Heredity means adding H 
from sire to H fr° m dam. This generally equals 1, but sometimes in 
breeding H + X A = 1 + ; sometimes, of course, 1 —. Sires sometimes 
give better offspring out of daughters of sire A than out of sire B or C. 
It may pay to watch this in practicing selection. 

This idea of nicking is often abused by people saying that family X 
in this breed never nicks well with family Y. Never is a rather broad 
term. Some particular breeding of X’s and Y’s may have given poor 
results, but that does not necessarily mean that all matings between 
animals of families X and Y are going to be poor. If we know of a lot 
of such matings that have been poor, perhaps we should be wary, or 
better, we should be wary all the time in matters of breeding. 


CLOSE RELATIVES 

Full brothers and sisters arc not necessarily equally good or bad. 
They have the same parents, to be sure, but each full brother resulted 
from the union of a different egg and sperm from those parents—and 
those different eggs and sperm can be very different. Full brothers are 
likely to be more similar than animals picked at random in the breed, 
but identity of pedigree simply means more than average similarity 
in genetic make-up, not identity of genetic make-up. 

TWINS 

There are two kinds of twins—fraternal and identical. Fraternal 
twins are simply animals that happen to be born at the same time 
because two eggs were produced in the mother's ovaries, both got 
fertilized by different sperm, and the offspring are born on the same 
day. They are no more alike genetically than ordinary full brothers, or 
full sisters, or brothers and sisters. They may be a mite more alike 
because they had quite similar environments in their mother’s womb. 
It is possible to have twins that are only half-brothers, or sisters, or 
brother and sister. A ewe might produce two ova and be bred to two 
rams, and a sperm from each fertilizes an egg. 

Identical twins occur when a single fertilized egg for some reason 
develops two growing points so that two embryos are produced. Some¬ 
times the embryos are entirely separate; and although each is in its 
own amnion, or inner surrounding sac, they are both in the same 
chorion, or afterbirth. These twins, of course, have identical heredity. 
They grew out of the same fertilized egg. Their chromosomes and 
genes are alike. Identical twins are always of the same sex, a pair of 
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males or a pair of females. Ordinary twins, of course, can be any com¬ 
bination so far as sex is concerned. This does not mean that all sets 
of male twins and ail sets of female twins are identical. Actually they 
are very scarce, at least in our larger animals. On the basis of available 
evidence, it would seem that identical heifer twins can be expected 
once in about 1,000 to 2,000 calvings. They form a very good way of 
measuring environmental effects since they have the same heredity. 
Sometimes the pairs of identical twins are not entirely separated and 
thus form various gradations of “Siamese” twins. 

In beef cattle you can expect twins about once in 200 births, in 
dairy cattle once in 50 to 100 births. Triplets, of course, are much less 
frequent. About the same amount of twinning occurs in horses as in 
cattle. Cattle and horse breeders generally do not want twins. Sheep 
breeders quite often do. Twinning has a tendency to run in families, 
but unless one selects for twinning, it is quite likely to run out of a 
family. 


SUPERFOETATION 

Occasionally a female comes in heat, is bred and conceives, and 
then three weeks (or six or nine) later comes in heat again and is bred 
and conceives. She is then carrying two offspring (or litters) of differ¬ 
ent ages. Sometimes the fetuses of different ages arc born at the end of 
the normal gestation period for the species and both sets live; some¬ 
times the younger fetuses are born at the normal parturition time for 
the older set and in these cases the immature ones generally die. 

SEX DETERMINATION 

The matter of sex determination and its possible control has inter¬ 
ested men for a long, long time. Many theories have been advanced 
as to the way in which the sex of new individuals is, or could be, con¬ 
trolled. None of these old theories or superstitions proved to be correct. 
No matter, of course, how absurd a sex determination theory might 
be, it would be bound to be true one-half of the time, since the off¬ 
spring are either male or female anyhow. Sex, like all other qualities 
of animals, is determined by the genes and chromosomes. Actually, 
the mechanism of sex determination is very simple. In each species of 
animal all chromosomes, except one pair, are not primarily concerned 
with sex determination, but the members of the remaining pair which 
the animals happen to get from their parents are. In the female in all 
farm animals except poultry, a pair of X chromosomes exist. After the 
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reduction division of the germ cells takes place, every egg cell will have 
one or the other of the two X chromosomes. In the male, however, 
this pair of chromosomes consists of an X chromosome and a Y 
chromosome, really in a sense not a pair (see Fig. 65). The sperm, 
therefore, produced by males are of two sorts. They either have an X 
or a Y chromosome. If an egg is fertilized by a sperm containing the 
X chromosome, the offspring will have two X chromosomes and be a 
female. If fertilized by a Y-bearing sperm, it will have an X from its 
mother and a Y from its father and be a male. In poultry the situation 
is just reversed. All the sperm from the cock have similar sex chromo¬ 
somes while the eggs of the female have either one or the other of the 
members of the unlike pair of sex chromosomes. 

A breeder may have a bull that has sired 16 bull calves in a row and 
be tempted to get rid of him. In the long run, any bull will sire about 
as many male as female calves. It is possible that a tendency to beget 
more males or more females might have a heredity basis and be 
strengthened by selection, but not much is known about this in the 
larger animals at the present time. 

The matter of controlling sex of animals is, of course, a very inter¬ 
esting topic. Many attempts have been made in the past to devise 
means of accomplishing this. Thus far, no method has turned out to 
be successful but it is very possible that someone in the not too distant 
future may hit upon such a workable scheme. 

While we are on the matter of sex determination, we might say 
a word about the hermaphrodite. A true hermaphrodite is an animal 
which secretes both eggs and sperm. Some of the lower forms of life 
do have both sexes in one individual, but none of these occur in the 
higher animals. Occasionally an animal is born which has some of 
the parts of both the male and the female genital tracts. The reason 
for this is that all embryos in their earliest stages have the basic 
structures out of which either set of sex organs could be developed. For 
about the first six weeks, all embryos follow the same path. Then they 
diverge, one group branching off to form males and the other branch¬ 
ing off to form females. This is under the control of the hormones 
secreted in the embryo and those, of course, in turn depend upon the 
genes. Occasionally this mechanism docs not work perfectly and the 
resulting animals, showing partial development of the sexual organs 
of both sexes, are called hermaphrodites or “morphodites.” They 
occur more frequently in goats and swine than in other classes of 
livestock, and are not ordinarily fertile. In the case of chickens, sex 
reversal sometimes occurs. A chicken that has previously had all the 
characteristics of the female may develop a large comb and spurs, 
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and start to crow like a male. This is due to abnormal production of 
the sex hormones. 


THE SHOW RING 

The show ring has performed a very important part in the develop¬ 
ment of livestock. In the earliest days of its existence the show set the 
pattern or formulated the ideal toward which breeders could strive. 
They, no doubt, continue to perform this necessary function at the 
present time. Some of the show-ring standards apparently are not too 
sound, however, and especially the requirement for excessive fitting 
of animals for show, which often proves a detriment to the animal’s 
breeding possibilities even though he or she may have been a grand 
champion. The thing to guard against in evaluating show-ring per¬ 
formance is to keep clearly in mind the fact that animals in the show 
ring are judged on their phenotype—what they look like. The assump¬ 
tion that they are going to breed the same as their looks leads to many 
disappointments. The show ring in its present form is not a testing 
ground for genetic worth, though it docs serve the other purpose very 
nicely, in spite of the fact that all of us can think of some things about 
show-ring requirements and procedures that we would like to have 
changed. 


SELECTIVE REGISTRATION 

Some foreign countries have developed forms of selective registra¬ 
tion based in some instances on actual performance. In this country 
wc have never had anything of this sort except possibly for Stand- 
ardbred horses, for which there used to be a minimum speed require¬ 
ment to be met before registration was permitted. Some of the breeds 
in recent years have been moving toward selective registration and 
may eventually adopt more rigid standards for registration. The 
Jersey breed several years ago devised a “star bull” program whereby 
young bull calves could be registered with a certain number of stars 
depending on the production and type of their more immediate 
ancestors. When this was adopted, it was made mandatory and no 
Jersey bull calves could be registered unless they met certain mini¬ 
mum requirements. The compulsory angles of the program were dis¬ 
continued after 2 years and it was made voluntary. The Jersey breed 
also has a program of selective registration for bull calves whose sire 
and /or dam meet certain production or type requirements. 

The Ayrshire breed has two categories for registered bull calves, 
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preferred or selected, on the basis of accomplishments of the more 
immediate ancestors. This plan is going nicely and there is evidence 
that the preferred bull calves do eventually transmit better than the 
selected or the undesignated. 

The Holstein breed has just adopted a somewhat similar program 
to go into effect in 1953. 

To be the most effective, selective registration should be denied 
animals until they have proved their ability to transmit desirable 
traits. No simple scheme applicable to an extensive country like the 
United States has so far been proposed; but even the talking about it 
and the arguments concerning the necessity or desirability of it, no 
doubt, do help to call breeders’ attention to the matter of trying to 
get a little more assurance that the animals they are selecting will 
turn out to be of a desirable sort and able as well to transmit their own 
desirable qualities. 


TYPE 

Type standards have been set up by most of the breeds. Most of 
the points in the breed score cards arc essential. Some of them are 
thought by certain people to be nonessential. Perhaps they are. Cer¬ 
tain color restrictions are also included in some breed standards. 
The thing to be careful about in this kind of situation, of course, is 
that “the tail does not get to wagging the dog.” What we want in 
hogs or beef cattle is rapid growth into a desirable carcass; in dairy 
cattle we want high and efficient production of milk. Those arc the 
essentials and they do, of course, depend to a considerable extent 
upon the size, proportion, and symmetry of animals in the various 
classes. So long as the so-called fancy points on the score card do not 
outweigh those dealing with utilitarian things, we perhaps will get 
along all right. The main trouble with fancy points is that they 
necessarily lower the intensity of selection that we can practice for 
utilitarian points. Type changes have been more or less frequent in 
some classes of livestock, for example, hogs. Fifty years ago hogs were 
the fat, chuffy kind; then breeders went to the other extreme, to the 
race-horse type; now they are back somewhere in between. There has 
been much discussion in recent years about the so-called compressed 
type of Herefords. It will pay the breeds and breeders to look very 
carefully into any suggestions for any marked changes in type. 
Present types serve utilitarian purposes pretty well. Undoubtedly 
they can be improved, but not necessarily every suggestion that is made 
will be one that would work out ultimately for breed improvement. 
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SUPEROVULATION 

We have recently been seeing reports in the farm papers and breed 
journals about a successful transplantation of a fertilized ovum from 
one cow to another. We do know how to get the ovaries of cows to 
secrete many eggs at a heat period instead of one. Possibly in the 
future the techniques for egg transplantation will be developed and 
made practical so that we will be able to get a lot of offspring from 
our best females and thus need few or none from our poor ones. This, 
of course, is the counterpart of artificial insemination in the male, 
and while not yet prefected, one would be rather foolhardy perhaps 
to say that it will never be perfected. 


REGISTERING GRADES 

You and I know that the qualities of our animals depend upon the 
make-up of the genes and chromosomes in the germ cells. Through 
selection we hope to improve the qualities of our animals. What that 
actually means, of course, is that we hope to increase the proportion 
of good genes in our stock and decrease the proportion of poor ones. 
Most of our breeds are capable of great change. There are probably 
enough genes for fattening in all our dairy breeds so that we could, 
if there were any point in it, make these breeds over into beef cattle, 
and vice versa. How fast we could do that job, of course, would 
depend primarily on what proportion of the desired genes now exist 
in our animals. If we desire some quality in our stock, the genes for 
which are now lacking, there would be no other alternative for 
us but to introduce those genes from some other source that now has 
them. We know of no way to alter the genes. All we do as breeders is 
to re-sort old genes and gene combinations into new combinations. 
This is sometimes used as an argument to include the registration of 
high-grade animals. Those high-grade animals do have some desir¬ 
able genes that may perhaps be lacking in the breed which the grades 
most resemble. However, the grades also have some genes that the 
pure breed does not want and which it would get and later have to 
breed out if high grades were registered. 

SUMMARY 

This chapter touches upon a few of the many practical problems 
that face the person with a sincere desire to improve livestock. You, 
undoubtedly, have thought of many others. Space limitations prevent 
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extending the list, but with the knowledge thus far gained, we feel 
certain that you can supply your own answers without further 
discussion. There seems to be no concise way of summarizing this 
chapter. It has served to pick up a good many loose ends, to lay to 
final rest (hopefully) a lot of ghosts that have been scaring breeders 
for too long a time and to restress the basic known fundamentals of 
reproduction, heredity, and selection. 

QUESTIONS 

1. What diseases are heritable? 

2. If a calf is born with only one front leg, is this due to heredity? 

3. Define telegony. 

4. What is the cause of prepotency? 

5. Contrast potentialities and characteristics. 

6. What types of variations are hereditary? 

7. What types of variations arc not hereditary? 

8. What influence has age on the quality of hereditary transmission? 

9. What are some of the “pitfalls of pedigrees”? 

10. Explain nicking. 

11. Contrast fraternal and identical twins. 

12. What is the mechanism of sex determination? 

13. List some possible improvements in show-ring standards. 

14. Would selective registration be of any genetic value? 

15. What in your opinion is the value of genetics to the practical phases of 
breeding better livestock? 

16. What things are necessary for an animal to make much of a genetic 
impression on its breed? 

17. Are “all men created equal”? All cattle? 

18. Should high-grades be admitted into the pure breed registration system? 
Why or why not? 

19. The Holstein breed is now stressing higher fat test. Are there any dangers 
to the breed in this movement? 

20. How would you prove to someone knowing nothing of genetics that 
hereditary factors are carried in the chromosomes? 

21. Do you think that the knowledge of how to control the sex of offspring 
would be a good thing? 

22. Do identical pedigrees necessarily mean identical heredity? Explain. 

23. Is it a good thing that “like does not always produce an exact like”? 

24. What is the difference between the terms purebred and registered? 

25. List any ideas or opinions that your study of this chapter has caused you 
to change. 




SECTION FOUR 


The Art of Breeding 




Chapter 18 


INBREEDING 
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Effects of Inbreeding on 
Breeding Value 
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The reader has had the opportunity in Sections Two and Three of 
this book to become acquainted with the mechanisms of reproduction 
and hereditary transmission. We referred to these as the sciences under¬ 
lying the breeding of better livestock. Now we arc ready to tackle 
the practical problems involved in actually creating better livestock 
—often called the art of breeding. 

Actually the breeder has three tools to use in this task. The first 
tool, not a genetic one, is the environment. This, in its simplest aspects, 
consists of feeding, management, and disease control. The livestock 
improver must first of all be a good farmer or rancher so that he can 
grow the kind of crops and pasture from which his animals will get 
the necessary ingredients for as rapid and as efficient development 
as is economically profitable in the area where he lives. In addition 
to being a good husbandman, he must also be a good manager or 
herdsman. Anyone with some experience in handling livestock 
realizes that there are a thousand and one details in livestock man¬ 
agement that must constantly be receiving the herdsman’s attention. 
We do not mean that breeding animals need to or should be pam¬ 
pered. In general they should be exposed to the same environmental 
conditions which they or their descendants will be exposed to when 
used for commercial production. How can selection be made for the 
necessary traits of vigor and adaptation if this is not done? “We do 
not sharpen an axe by laying it on a sofa pillow!” One of the most 
important factors in proper livestock management consists of pro¬ 
tecting animals from injury and diseases. Sick animals may be profit- 

243 


244 THE ART OF BREEDING 

able to the veterinarian but certainly not to their owners. And most 
veterinarians would get more of a kick and more money in the long 
run out of keeping your herd or flock healthy than in curing them 
or trying to, after they are sick. Obviously, the loss of a valuable 
breeding animal from preventable accident or disease is a serious 
loss to any breeding program. Finally, of course, there is that almost 
indefinable something that builds up confidence between animals and 
man. If animals arc well fed, comfortable, healthy, and “contented,” 
their inherited qualities will have the maximum opportunity for 
full expression. 

The other two tools available to the breeder are, of course, the 
genetic ones of systems of breeding and selection. For purposes of discus¬ 
sion, we can, and will, separate these two, although actually this 
cannot be done because every selection of parents for the next gen¬ 
eration and every mating necessarily involve some system of breed¬ 
ing. This and the subsequent two chapters will deal with systems of 
breeding. The concluding six chapters will be devoted to that most 
important item of all in breeding better livestock, namely, selection. 

In beginning the concluding section of this book, let’s remind our¬ 
selves once more that neither selection nor systems of breeding can 
create new genes. They can, if properly applied, create new and 
better animals, but they do it by putting the old genes into new pat¬ 
terns or combinations—not by creating new genes. And it will pay 
to remind ourselves too that no system of breeding can be guaranteed 
to be successful nor is any system of breeding foreordained to failure. 
Since the various systems of breeding simply sort old genes into new 
patterns, their success or failure is readily seen to hinge upon the 
relative proportions of superior and inferior genes present in the 
animals when the chosen system of breeding is applied to them. 

SYSTEMS OF BREEDING 

There is nothing mysterious about systems of breeding and, actually, 
there are basically only two systems. One of these is called inbreeding 
and will be the subject matter for this chapter. The other is outbreeding , 
to be treated in the two subsequent chapters. Inbreeding is the mating 
of males and females that are related, while outbreeding is the mating 
of unrelated animals. 

The situation revolves on what is meant by related and unrelated. 
As used in a biological sense, being related means that animals have 
some common ancestors. Actually any two animals in a breed are 
usually related. If you took a pair of Holsteins, Herefords, Hampshires, 
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Hackneys or whatnots, and traced or wrote out their pedigrees far 

SZ££SZ E SES X£ r!w"7ie,h Xjo, 
“f a pedigree contains over 2 million individuals Thus, all the an.mals 
in a breed are related. But when we say that inbreeding is thegating 
of related animals, we use the term in a more restricted sense to mea 
that they are more related than average animals of lhe ' r ^ r ^ ^J 
usually means that there are common ancestors in their pedigree 
somewhere in the first four to six generations. If two animals had a 
common ancestor in the tenth generation of their pedigrees, that 
common ancestor’s inheritance would have been halved ten times in 
getting down through the ten generations to each of the two animals 
in question. Obviously the two animals would be little alike because of 
that remote ancestor’s heredity after ten halvings. But if, for example, 
the common ancestor is only two generations away from the two 
animals, his inheritance has only been halved twice in getting to 
each of them, so there is a considerable portion of it in both of them. 


DEGREES OF RELATIONSHIP 

We have just given the key to the measurement of relationship. It 
consists of counting the number of generations intervening between 
some common ancestor and two or more descendants. Let’s make 
pedigrees of the statement in our last paragraph in which we said that 
“the common ancestor is only two generations away from the two 
animals. . . . 


4 * .(* 

FIGURE 78. Pedigrees of animals with common grandsire. 

In Fig. 78 animal C is a common grandsire to A and Z. In other 
words, A and Z are more closely related than average animals of their 
breed because they have a common ancestor close up in their pedigrees. 
To find their degree of relationship (because of common grandsire C) 
we count the generations from C to A, which is 2, and from C to Z, 
also 2. Heredity is a halving process, so we see that C’s inheritance 
has been halved twice in getting to A and twice in getting to Z; in 
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short, it has been halved a total of 4 times. So the relationship of A 
and Z is C’s inheritance halved 4 times, or ()4)<, which is y 2 X y 2 X 
X K, or K6, or 6)4 per cent. The relationship betwen A and Z 
is 6)4 per cent. This simply means that about 6 per cent more of A’s 
and Z’s genes are similar than would be the case with average animals 
of the breed. This is true since they both got genes from the common 
grandsire C. Technically this is expressed as follows: 


or 


( » generation* C to A 

Relationship between A and Z = y 2 * * c *° z 
^az = (H) 4 or 6J4 per cent 


This formula is often written 


*A. = 


This need not confuse you because you already know how to do it. 
The n in the formula simply means count the number of generations be¬ 
tween the common ancestor and one animal , and n' means count the number 
of generations between C and the other animal; then add them together 
and multiply ^ by itself that many times and you will have the 
degree of relationship between the two animals. 

The foregoing example was for animals that are related because 
they have some of the same ancestors. Such relationhip is called col- 


You 


A 

Your father 
B 


(s 


Your cousin 


Z 

Your uncle 




FIGURE 79. Schematic pedigrees to show cousin relationship (collateral). 


lateral relationship. The other type of relationship occurs between 
individuals when one is a descendant of the other. This is called direct 
relationship. 

As you learned when studying the principles of inheritance, half 
the genes of any offspring come from the sire and half from the dam. 
A sire and his offspring are therefore 50 per cent related. The sire in 
turn got half his genes from his sire and half from his dam. The sample 
half, which a sire transmits, comes about half and half from his sire 
and his dam. Thus, on the average, an individual is related 25 per 
cent to each of his grandparents. 

Direct relationship is handled in the relationship formula by letting 
n = 0, since there are zero generations from an animal to himself. 
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In Fig. 78, the relationship of A and B would be expressed: 

R. B = or 50 per cent 

The relationship of A and C would be R AC = (H) 0 * 2 * or 25 per cent. 

Breeders often express relationship in terms of the percentage of 
“blood.” Blood is put in quotation marks here because, actually, 
blood as such does not function in inheritance, this being provided 
for in the germ cells with their chromosomes and genes. Each embryo 
produces its own blood and no blood passes directly from parent to 


You 


D 

E 


Your father A 


D 


FIGURE. 80. Schematic pedigrees to show father and son relationship (direct). 


offspring. Therefore, as commonly used the term “blood ” means 
inheritance. 

Percentage of “blood’’ is a satisfactory measure of direct relation¬ 
ship. You received 50 per cent of your “blood” from your father, and 
as we have seen previously, you are 50 per cent related to him since 
one-half of your genes came from him. 

Percentage of “blood” is not a satisfactory measure of collateral 
relationship. Full brothers having the same sire and dam would be 
said to have 100 per cent the same “blood,” but actually they have 
only 50 per cent of their genes in common and are therefore only 50 
per cent related. 

The discrepancy between relationship and percentage of “blood” 
in collaterally related animals is due to the fact that each offspring 
gets only a sample half of each parents’ genes. As a more complete 
explanation consider the following example: 

Assume that X and Y are full brothers whose sire, S, is heterozygous 
for a pair of factors Aa (Fig. 81). X might get A or a from S. Like- 


S C Aa) 1 pair of genes v / ^ ( Aa ) 
D Y \D 


FIGURE 81. Schematic pedigrees of two full brothers. 


wise, Y has a 50 per cent chance of getting A and 50 per cent chance 
of getting a. With the chance each animal has of getting A, the 
probability of both X and Y getting A from S is Y<i X X A = K- 
Similarly, in of the cases both could be expected to get a from S. 
Thus in M the cases, X and Y would get the same gene 
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from S. The same is true of genes from the mother. Since one-half 
the genes of each son come from the*sire and half from the dam, X 
and Y have on the average H X ^ ^ of their genes as duplicate 

from their dam. In total then they have only ^ of their genes in 
common. They are only 50 per cent related in spite of having 100 
per cent common “blood.” 

In more complicated pedigrees than those considered thus far, it is 
often convenient to set them up in the “arrow” style rather than the 
conventional bracket form. 

Conventional pedigrees of brother and sister, X and Y arc shown 
in Fig. 82. 

Hi 

Md 

Same pedigrees put in arrow style: 



FIGURE 82. Bracket and arrow-type pedigree. 



In the arrow style, each common ancestor is included only once, 
with lines drawn from him to each of his (or her) offspring in the 
pedigree. These lines represent the paths by which genes can be 
transmitted. 

Calculation of the relationship of X and Y (Fig. 82) is somewhat 
more complicated than in the previous examples owing to the fact that 
they have two common ancestors, namely, S and D. When there are 
two or more common ancestors, we merely add the contributions of 
each. In such cases it is convenient to set the calculations up as in 
Table 12. 


V 


Table 12. Relationship of X and Y 


Common ancestor 

n 

n' 

Contribution 

S 

1 

1 

(M) ,+1 = (M)’ = O’-25 

D 

1 

1 

(H) ,+1 = («)* = 0.25 




Sum = 0.50 


% 
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Thus X and Y have 0.5 of their genes in common and are related 
50 per cent. You can readily calculate the relationship of 
as 25 per cent. In the above example you may wonder why A B C 
and D were not considered as common ancestors of X and V. ine 
answer is that they make their contributions only through S or U 
and not through both. For example, the only way A is an ancestor 
of both X and Y is through S, and in including S as a common ances¬ 
tor we automatically take care of A’s contributions. If A had been 
an ancestor of both S and D we would have included him as a common 
ancestor since he could have contributed the same genes to X and Y 
through both S and D. Setting a pedigree up in the arrow style helps 
in tracing the paths and determining which ancestors should be in¬ 
cluded in calculating relationships. 

Although we have limited ourselves to simple cases, the examples 
illustrate the principles of calculating relationships except for cases 
in which the common ancestor is inbred, and thus more homozygous 
and more likely to transmit the same gene to all offspring. The neces¬ 
sary adjustment to take care of this in the relationship formula will 
be considered after we have learned how to calculate the intensity 
of inbreeding. 


COEFFICIENT OF INBREEDING 

We said earlier that inbreeding was the mating of related animals. 
Now if in the first example we considered in discussing relationship 
(Fig. 78), A was a male and Z was a female, and they were mated, 
their offspring would, by definition, be inbred since the parents arc 
related (because they have a common close-up ancestor C). 



FIGURE 83. Pedigree showing inbreeding. 

How much is X inbred—what is its coefficient of inbreeding? We 
can find the inbreeding of an individual by finding the relationship 
of its parents and dividing by 2. Another way is to count the number of 



250 


THE ART OF BREEDING 

times the genetic material has been halved in getting from each com- 
mon ancestor (this is n + n! in the relationship formula) to the parents 
of the inbred animal, and then adding 1 to the exponent of to take 
? a * c °J tl J5 additional halving in getting from the sire and dam to the 
inbred offspring. All we have to do in this case is to raise to one 
p-eater power—to 5 instead of 4 because C’s inheritance has been 
halwd once more in getting from A and Z to X. Our formula for 
coefficient of inbreeding is therefore 

F x , meaning F or inbreeding of X = (H) 6 or y 32 , or 3H per cent 

and the technical formula as suggested by Wright for the inbreeding 
coefficient is 

F x = (M) n+B ' +I 

The n and n' stand for what they formerly did: n = number of genera¬ 
tions from C to A (or A to C), and n' = number of generations from 
C to Z (or Z to C); we added the 1 to n and n in the exponent because 
of the subsequent halving (J*) of C’s inheritance (or the remaining 
part of it) as it moved from the parents A and Z to X. 

As we have already seen, inbreeding occurs whenever related 



FIGURE 84. Full-brothcr-sistcr mating. 

animals are mated. Related animals have more genes in common 
than unrelated ones (the relationship coefficient measures the probable 
percentage of these). The inbred offspring of related animals thus 
have a greater than average probability of getting the same member 
of each gene pair from each parent and thus being homozygous for it. 

The inbreeding coefficient is a measure of the probable increase in 
homozygosity of inbred animals as compared to non-inbred animals of 
the same population. So when we say that the inbred animal X is 7>% 
per cent inbred, we mean that about 3J<6 per cent more of its genes 
are homozygous than in non-inbred animals. Or to state it differently, 
if the common ancestor was 50 per cent homozygous (50 per cent 
heterozygous) the inbred offspring is probably 3}^ per cent more 
homozygous than its common ancestor was. 

As we have already seen, full brothers and sisters are related 50 
per cent. Halving this gives 25 per cent as the inbreeding coefficient 
of the offspring of full brother and sister matings. The pedigree of an 
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individual produced by a full brother-sister mating in both the bracket 
and arrow styles is shown in Fig. 84. 

Table 13. Calculation of Inbreeding of X by might's Formula 


- 

Common ancestor 

© r 

n 

n' 

Contributions 

c 

1 

1 

(«)'*•*' - (H)’ = 0 125 

D 

1 

1 

(K) ,+, *‘ = (M)’ - 0125 




Sum = 0.25* 


* Fx = 25 per cent. 

A pedigree representation of a half-brother -sister mating are shown 
in Fig. 85. 

E 

/ 

B 

/\ 

X D 

\/ 


B 


D 

E 


D 

F 


s 

\ 


FIGURE 85. Half-brother-sister mating. 


The only common ancestor in Fig. 85 is D. From the sire back to 
the common ancestor is 1 (n in formula); from the dam back to the 
common ancestor is 1 (n in the formula); and the 1 that must be 
added to take care of the halving in getting from B and C to X gives 
us a total of 3 as the exponent of So we have (H) 3 = or 12.5 


Table 14. Calculation Inbreeding of X in Fig. 85 


Common ancestor 

n 

n' 

Contributions 

D 

1 

1 

(H) l+I+I - 0.125* 


* Fx = 12.5 per cent. 


per cent as the inbreeding of X. This figure of 12.5 per cent merely 
means that this system of mating has reduced the heterozygosity (or 
increased the homozygosity) by that amount over what it was in the 
generation containing D, E, and F. 
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Inbreeding of Common Ancestors. If in our last example animal 
D, the common ancestor, was itself inbred and, therefore, more 
homozygous than the average animal of its generation, it should be 
evident that, as a result, X would be even more homozygous. This 
fact is taken care of by enlarging our formula for the inbreeding coeffi¬ 
cient as follows: F x = (^)"+"'+» times 1 plus the inbreeding of the 
common ancestor. If we assume that common ancestor D was bred 
after the same fashion as animal X and therefore had an inbreeding 
coefficient of 12}^ per cent (or 0.125), then to find the inbreeding of 
X we would have 

0.125 X 1.125 = 0.1406, or 14.06 per cent 

The complete formula for the coefficient of inbreeding is usually 
given as F x = 2(M)" + "' + »(l + F m ), where 2 is the Greek symbol for 
summation (meaning to add up the contributions of various common 
ancestors) and /*„ means inbreeding of the common ancestor. 

Another Example of Inbreeding. Our previous examples were 
kept very simple in order to make it easier to see the principles in¬ 
volved in inbreeding. Let’s apply the principles now to a little more 
complicated case as in the pedigree shown in Fig. 86. 


or, in the arrow form 


FIGURE 86. Schematic pedigree of inbreeding. 

As we scan Fig. 86 we see that animals B and E occur on both sides 
(top and bottom) of it, and we also note that B is himself 12^ per 
cent inbred since he is the result of a half brother X sister mating. 

Table 15 shows the necessary calculations set up in table form. A 
is seen to be 34.37 per cent inbred. Do you wonder why we have n 
equal to zero in the table? That is because from B, as the sire, back 
to the common ancestor B, there are no generations, since B is himself 
the common ancestor. 
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Do you wonder why we consider B as the sire of A twice? That is 
because animal A might get some gene or genes in the homozygous 
state because both came from B as the sire of A and from B as the 
sire of I. But A might also become homozygous for certain genes 
because of B as its sire and B as the sire of J. Remember there are 30 
pairs of chromosomes in cattle and many thousands of genes. 


Table 15. Calculation of Inbreeding of A 


__ ' 

Common ancestor 

n 

n' 

(1 + F.) 

Contribution 

B (as sire of A and of I). 

B (as sire of A and of J). 

E (as dam of B and of J). 

0 

0 

1 

2 

2 

2 

1.125 

1.125 

(H)*0 • 125) = 0.1406 
(«)*(!-125) - 0.1406 
(X) 4 * 0.0625 

Sum = 0.3437 


One other thing: If we extended the bracket pedigree one more 
generation, D and E would occur behind the B’s in the bottom part. 
However, as is made clear in the arrow pedigree, we need not include 
them in our summary of the inbreeding of A because when we 
include B as the sire of A, and B as the sire of I, we included every¬ 
thing back of them in the pedigree. In other words, the likelihood of 
A becoming homozygous for certain genes was entirely taken care of 
when we did the two calculations for B. 


COMPLETE COEFFICIENT OF RELATIONSHIP 

Because inbreeding makes an animal more homozygous, he will 
tend to pass similar genes to his offspring. If an inbred animal is the 
common ancestor of two related individuals, they will have more 
genes in common and thus be more highly related than if the common 
ancestor had not been inbred. To take care of this the contribution 
of each inbred common ancestor must be multiplied by (1 + F a ). 

Inbreeding also makes a population more variable by producing 
separate inbred strains. Inbred descendcnts of any animal will be 
homozygous in a greater percentage of their gene pairs than if they 
were not inbred, but they may be homozygous for different alleles of 
the same gene pair and thus more different (or less related) than if 
they were not inbred. To take care of this a denominator is supplied 
for the relationship formula, making the complete formula: 








254 


THE ART OF BREEDING 


As an example of the use of this formula consider the pedigree 
shown in Fig. 87 of an animal produced by mating an inbred sire 
to his daughter. 


S 


D 


i 

■{! 


H 

G 


(s 

{?■ 


or 



FIGURE 87. Schematic pedigree of inbreeding. 

S in Fig. 87 is \2% per cent inbred since he is the product of a half 
brother X sister mating. 


Table 16. Calculation of Inbreeding of X in Fig. 87 


Common ancestor 

n 

n' 

(1 + F.) 

Contributions 

s 

D 

1 

1.125 

(K)*(I.125) = 0.28125 


Calculation of Relationship of X to S 


Common ancestor 


a 

(1 + F.) 

Contributions 

s 

H 

1 


(«)(1-125) - 0.5625 


H 

2 

m 

(H)*0 *125) = 0.28125 
Sum - 0.84375 


In Table 16 the value of the numerator of the relationship coeffi¬ 
cient is 0.84375. The complete relationship is 

0.84375 

V(1 + F x )(l + F,) 

0.84375 

V(1.28125)(1.125) 

0.7028, or 70.28 per cent 

The purpose of these corrections is to make the relationship coeffi¬ 
cient a measure of the degree to which the genotypes of the related 
animals are similar, rather than leave it in terms of percentage of genes 
from a common source. In the above parent-offspring mating, it is 


Rx 8 = 

Rx 8 = 
Rx* = 
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pairs homozygous that were heterozygous >n S, thus reduc. g 

in most of our farm animais 
that the denominator of the relationship coefficient seldom is very 
much larger than one, and can therefore usually be omitted. 

Table 17 will be found convenient in working out inbreeding 

relationship coefficients. 

Table 17. Exponential Values of 


= H = 25.0% 

H* - H “ '2-5% 

H* - He = 6-25% 

Vi' - bit = 3.125% 

H‘ = H< = 1-5625% 

= Has - 0.78125% 
14* = Hsc - 0.390625% 
14* = Hit = 0.1953125% 


TYPES OF INBREEDING 

Inbreeding has been divided into various categories depending 
upon the closeness of the relationship of the animals mated and the 
purpose of the matings. Unfortunately, the terms used do not have 
the same meaning to all people. Generally speaking, however, the 

following definitions will be satisfactory: 

Inbreeding. The mating of animals more closelv related than the 
average of the population from which they came. 

Closebreeding. A type of inbreeding in which matings are between 
such closely related animals as full brother and sister, or parent and 
offspring. 

Linebreeding. A type of inbreeding in which matings are made to 
concentrate the “blood” of some favored individual or ancestor. Ex¬ 
amples would be half-brother and sister matings, mating a female 
back to her grandsire, or matings of more distantly related animals, 
all descendents of the favored individual. 

Disagreement over terminology arises because some consider in- 
breeding to be the same as closebreeding and define linebreeding 
merely as the mating of distantly related animals regardless of whether 
it is directed toward a single favored ancestor or not. Actually close- 
and linebreeding are varieties of inbreeding and will be so considered 
in this book. 
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Some matings cannot be satisfactorily classified. Mating of sire to 
daughter (or conversely, son to dam) is one of the closest forms of 
inbreeding and therefore classed as closebrccding. It is also the most 
effective type of mating for concentrating the hereditary material of 
the sire and might logically be called linebreeding , or perhaps close 
linebreeding. 


GENETIC EFFECTS OF INBREEDING 

As has been pointed out, inbreeding increases the percentage of gene 
pairs that are homozygous and decreases the percentage that arc 
heterozygous. The closeness of relationship between the individuals 
mated determines the speed with which this occurs. 

The process can best be illustrated by what happens in self-fertiliza¬ 
tion, the mating of an individual with itself. Many species of plants 

Table 18. Increase in Homozygosity in the Descendants Produced by Continued Self- 
fertilization from a Single Heterozygous Individual 


Generation 

Proportion of each genotype 

Per cent 
homozygous 

AA 

Aa 

aa 

1 

1 

2 

1 

50 

2 

3 

2 

3 


3 

7 

2 

7 


4 

15 

2 

15 

93.75 

5 

31 

2 

31 

96.875 

6 

63 

2 

63 

98.4375 

n 

2" - 1 

2 

2" - 1 



normally reproduce by self-fertilization and many normally cross- 
fertilized species, such as corn, bear both male and female gametes 
on the same plant. These can be self-fertilized by artificially putting 
pollen grains (bearers of male germ cells) on the female portions of 
the plant. 

Table 18 shows the increase in homozygosity of a single gene pair 
by generations if a single individual heterozygous for this gene pair is 
self-fertilized, produces four offspring, and each offspring in turn pro¬ 
duces four offspring, and so on. Self-fertilization of an Aa individual 
is equivalent to an Aa X Aa mating, and will result in Y±AA ; YiAa\ 
and aa offspring. In subsequent generations self-fertilization of AA 
individuals will be equivalent to AA X AA matings, with all the off¬ 
spring AA. Self-fertilization of aa individuals will likewise produce 
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only aa. Thus, continuous self-fertilization, generation after genera¬ 
tion in effect removes genes from the Aa group and never returns any, 
with the result that in a very few generations the population is vir¬ 
tually all AA or aa. . , . , 

The same process occurs, but at a slower rate, with inbreeding in 

animals. If in animals we start with a population that is all Aa and 
inbreed it, we get HAA;^i Aa; and ]/ A aa in the F x . As the inbreeding 
progresses, the proportion of A and a genes, if no selection is practiced, 
will remain 50:50. When a line becomes AA X A A or aa X aai, it 
remains there except in the very rare case of a mutation. The AA X 
Aa AA X aa , Aa X Aa, and Aa X aa groups shift about but gradually 
get into the pure AA or aa form. The rapidity with which this happens 
depends upon the intensity of the inbreeding. 

Table 19 gives the average percentage of homozygosity with several 
generations of inbreeding of varying intensities. It can readily be 

Table 19. Inbreeding Coefficients in Various Generations of Different Intensities of 

Inbreeding 


Generation 

*//-. 
fertilization 

Full brother 
sister 

One-sire 

herd 

Two-sire 

herd 

Single first 
cousin 

1 

50 

25 

12.5 

6.6 

6.2 

2 

75 

37.5 

21.8 

12.8 

9.4 

3 

87.5 

50 

30.4 

18.5 

12.2 

4 

93.8 

59.4 

38.0 

23.9 

14.6 

5 

96.9 

67.2 

44.8 

28.9 

16.8 


seen that even with full brother X sister matings, the most intense 
inbreeding possible with animals, the increase in homozygosity is 
less than half as rapid as with self-fertilization in plants. 

We see from our plant example that inbreeding creates no new 
genes and in itself does not change the gene frequency. It merely 
increases homozygosity and decreases heterozygosity. If, to take a 
simple example, we started out with all Aa Bb individuals, we would 
end up with strains that were AA BB, AA bb, aa BB, or aa bb after a 
period of inbreeding. These strains would differ greatly from each 
other, but within strains perfect genetic uniformity would be present. 
If, as a result of selection, we retained only the AA BB strain, a seem¬ 
ing increase in uniformity would have been achieved. This type of 
thing is the basis for the common but misleading saying that inbreed¬ 
ing, increases uniformity. Inbreeding actually increases variation but 
aids selection by forming homozygous strains—the less desirable of 
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which can be culled. Thus, the end result should be to increase uni¬ 
formity of desirable characteristics. 

THE OUTWARD EFFECTS OF INBREEDING 

We have seen that the primary genetic effect of inbreeding is to 
increase homozygosity. The outward or phenotypic effect of this may 
be either good or bad. Inbreeding creates no new genes. All it does is 
to take the genes which are present and sort them out into homozygous 
forms. The outward effect of inbreeding will depend upon the genes 
present in the stock with which inbreeding began. 

During the past 15 or 20 years a large amount of experimental 
work has been done on inbreeding in hogs and poultry; lesser amounts 
on cattle and sheep. Evidence from these species is reinforced by a 
large amount of experimental work involving the inbreeding of 
laboratory mice, rats, and guinea pigs. Speaking in general terms, 
the results may be summarized as follows: 

Effects on Growth Rates. Inbreeding in hogs has, on the average, 
resulted in a moderate decrease in growth rates. In a study of a large 
amount of data from the Regional Swine Breeding Laboratory, this 
decrease amounted to an average of 3.6 lb. per pig at 154 days of age 
per 10 per cent increase in inbreeding. Some few inbred lines have, 
however, shown little or no decrease. 

In dairy cattle most studies have shown some decrease in growth 
rates and mature weights with inbreeding, but again results have been 
variable. In Wisconsin and New Jersey studies, indications were that 
inbreeding levels of at least 20 to 25 per cent could be reached in some 
strains with little or no decrease in growth. So far as is known no 
reports of the effects of inbreeding on growth rates in beef cattle have 
been published. 

Studies on poultry and laboratory animals have given variable 
results, but have indicated that the general effect of inbreeding is to 
decrease growth. Some strains of rats and mice have withstood in- 
breeding with no apparent bad effects on growth rate. 

In general, then, growth rates have declined somewhat with in- 
breeding, but the effects have been generally small and not severe 
enough to prevent development of highly inbred lines. 

Effects on Reproductive Performance. With the exception of a 
few cases in laboratory animals, the results of inbreeding experiments 
coincide in indicating some reduction in reproductive efficiency. In 
an extensive study of Regional Swine Breeding Laboratory data, an 
average decrease of 0.2 pig per litter at birth per 10 per cent increase 
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in inbreeding was observed. Observations indicate that the percentage 
of boars which refuse to breed and those that are “slow breeders 
increases with inbreeding. Some highly inbred lines are quite satis- 
factory breeders, however. 

Little experimental evidence is available in cattle, but the practical 
experience of breeders seems to indicate harmful effects of inbreeding 
on reproductive efficiency, especially at high levels of inbreeding. 

Hatchability of poultry eggs has almost invariably declined, otten 

disastrously, with inbreeding. . . , . _ r rrry 

Speaking in general terms, the reduction m reproductive periorm- 
ance has often been severe enough to make the continuation of inbred 
lines a difficult task. The increased mortality, which often accompanies 
inbreeding, is also an important factor in this. . , . 

Effects of Inbreeding on Vigor. Vigor is hard to define in objec¬ 
tive terms. Inbred animals in general, however, are more affected 
by unfavorable environmental factors than non-inbreds. Death rates 
among young inbred animals are often great, amounting to 0.3 pig 
more per litter per 10 per cent increase in inbreeding, as indicated in 
a swine study. Increased death rates among inbred calves have been 
commonly reported in dairy cattle and preliminary observations 
indicate the same to be true in lines of beef cattle now being formed. 

Inbrcds often have a higher percentage of “runts,” or unprofitable 


animals, for a variety of reasons. # 

Effect of Inbreeding on Production of Dairy Cows. A majority 
of studies has shown that decreases in milk and butterfat production 
occur with inbreeding. In Wisconsin studies this decrease amounted 
to 74 lb. of milk and 2.3 lb. of butterfat per 1 per cent increase in 
inbreeding. In an Iowa study the decrease amounted to an average 
of 4.5 lb. of butterfat per 1 per cent of inbreeding, the decreases in 
both studies being in terms of 305-day records (cows milked twice 
and three times daily in the Wisconsin and Iowa studies, respectively). 

A U.S. Department of Agriculture study showed no apparent de¬ 
crease in production with increasing inbreeding, thus demonstrating 
again the variability of the effects of inbreeding. 

Appearance of Hereditary Lethals or Other Abnormalities with 
Inbreeding. In many inbreeding experiments hereditary abnormal¬ 
ities or lethal factors have appeared. Such things are almost always 
recessive in inheritance, and genes for them may be present in low 


frequencies in outbred herds but remain hidden and unsuspected, 
usually or always being covered by their dominant alleles. When 
inbreeding takes place the probability of these factors appearing in 
homozygous form is increased, just as the probability of all genes 



260 


THE ART OF BREEDING 


being homozygous is increased. Inbreeding docs not create such factors 
but merely brings them to light. 

Effect of Inbreeding on Uniformity. Experimental data on uni¬ 
formity are extremely scarce. To have the best evidence on this we 
would need inbreeding experiments performed with all the resulting 
lines and sublincs saved, that is, with no selection among the inbreds 
from generation to generation. In practice, however, the poorer 
individuals and sublines must be culled. We therefore tend to base our 
conclusions on the selected survivors of inbreeding. 



FIGURE 88. Comet (153). The first bull ever sold for S5.000. He was very strongly 
inbred. (From Sanders, Shorthorn Cattle , The Breeders Gazette) 


Observation, buttressed by some actual experimental data, indi¬ 
cates rather definitely that inbreeding leads to increased uniformity 
within lines in many highly heritable but superficial characters, such 
as color and details of conformation. General conformation or type 
also tends to increase in uniformity within lines. 

We would also expect increased uniformity of productive charac¬ 
ters, such as growth rates and litter size in inbreds as compared to 
outbreds. Actual data on this point are limited, but as far as they go 
seem to indicate no increase in uniformity . Perhaps the increased genetic 
uniformity is offset by an increased susceptibility to adverse environ¬ 
mental factors that affect some individuals more than others and thus 
increase variation. 

Some Good Experiences with Inbreeding. The foregoing items, 
with the exception of a possible increase in uniformity of type, are 
almost unanimous in indicating some harmful effects from inbreeding. 
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Occasionally, however, it was pointed out that effects are good, or 
at least not harmful. Many isolated examples of this could be quoted 
if space permitted, but we will have to be satisfied with a few. 

Rats have been inbred continuously by brother X sister matings 
for more than 125 generations (over 40 years) at the Wistar Institute 
with outstanding results. The resulting Wistar rats have satisfactory 
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(19) 


FIGURE 89. Pedigree of Shorthorn bull, Comet. 


performance, vigor, and so on, and arc one of the most widely used 
strains of laboratory animals in the United States. 

Robert Bakcwell, the great pioneer English breeder of Longhorn 
cattle, Leicester sheep, and Shire horses, inbred intensely with ap¬ 
parent good results. Culley, writing in 1794, said: 


Mr. Bakewell has not had a cross for upwards of 20 years, 
his best stock has been inbred by the nearest affinities, yet they 
have not decreased in size, neither are they less hardy, or more 
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liable to disorder, but, on the contrary, they have kept in a pro¬ 
gressive state of improvement. 

Many other breeders imitated Bakewell. The Shorthorn bull, 
Comet, (pedigree in Fig. 89) bred by Thomas Bates and said to have 
been the first bull ever to sell for as much as S5,000, had an inbreeding 
coefficient of over 46 per cent. 

In more modern times a number of breeders have followed intense 
inbreeding programs with apparent success. The question may well 
be raised, however, as to whether many of these men may have 
tolerated some decrease in productive characters when they got the 
desired type. Actually, since evaluation of meat animals has to date 
been almost entirely based on type, with no production records being 
kept, some decline in performance could have occurred without their 
being aware of it. 

Conformity of Results with Theoretical Expectations. The fore¬ 
going results, showing that the outward results of inbreeding arc 
usually harmful but that superior results are occasionally obtained, 
are exactly in line with what we would expect. 

The animals with which inbreeding begins are of necessity the 
products of outbreeding systems and therefore arc rather hetero¬ 
zygous; that is, they carry a mixture of “good” and “bad” genes with 
the bad ones largely covered up. Inbreeding tends toward homo¬ 
zygosity and fixes “good” and “bad” genes indiscriminately. It is 
almost certain to bring some undesirable ones (whose effects were 
covered up in the foundation animals) to light. Two things make this 
probable. First, the tremendous number of combinations possible 
when animals heterozygous for only a few genes are mated. Two 
animals heterozygous for n pairs of genes can theoretically produce 
3" types of offspring. If only seven pairs were heterozygous, 3 7 or 
2,187 different combinations could be expected in the offspring. 
Actually the animals will have only a few offspring and it is unlikely 
that the one or two perfect combinations will even be seen. Second, 
good and bad genes may be linked to each other in the same chromo¬ 
some. Crossover will occur, but not often enough to prevent the 
fixation of some bad genes with some good ones. 

Beginning with especially good hereditary material, having some 
luck in getting good combinations fixed, and continual culling of the 
undesirable animals as they appear are some of the factors that 
should minimize harmful effects. Any or all of these may have been 
involved in the occasional good results observed with close inbreeding. 

Another possible genetic reason for the harmful effects of inbreeding 
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is the possibility that, in at least some cases, the heterozygote may be 
better than either homozygote. For example, a pair of genes A and a 
might have effects such that AA is better than aa , but that Aa is better 
than either AA or aa. This situation has been called overdominance 
and has apparently been proved to exist in at least a few cases. It is 
at present receiving much study. 

Effects of Inbreeding on Breeding Value. Those animals which 
perform even reasonably well under an intense inbreeding program 
should theoretically be homozygous for a greater than average number 



FIGURE 91. Sybil's Gamboge, a sironglv inbred Jersey bull. 
Carpenter ) 


of desirable genes and, therefore, have above-average value as breeders 
because: 

1. Their homozygosity means that a higher than average propor¬ 
tion of genes will be identical, thus leading to uniform offspring. 

2. Homozygosity for desirable genes means that the inbred animal 
will transmit them uniformly. 

3. Since desirable genes are often dominant, good inbred animals 
arc often prepotent: that is, they have the power to stamp their own 
characters on the offspring to the exclusion of those of the other 
parent. 

Many examples of the good breeding value of inbred animals are 
available. 

The Jersey bull, Sybil's Gamboge, whose pedigree is shown in Fig. 
90, had an inbreeding coefficient of nearly 25 per cent and would be 
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considered a highly inbred bull by most breeders. He was an out¬ 
standing sire with his get winning 14 ribbons at the 1920 National 
Dairy Show. He has 88 Register of Merit daughters whose records 
on a mature basis average 12,234 lb. of milk, testing 5.12 per cent 

The phenomenal success of hybrid corn in the United States (said 
to have resulted in enough extra corn during the four years of the 
Second World War alone to have paid for the atomic bomb) is based 
on the crosses of inbred lines which “nick” well with each other. 

Preliminary work involving crosses of inbred lines of farm ani¬ 
mals is promising and will be discussed in detail in the chapter on 

crossbreeding. 


LINEBREEDING 

Many breeders fear elosebreeding (which they often call inbreeding ), 
but often favor linebreeding. This is sound, practical judgment. 
Probably only a small percentage of our herds could benefit from 
closebreeding, while a much larger percentage can benefit from 

linebreeding. . . . 

Linebreeding is a breeding program directed toward maintaining 

relationship to some favored individual, usually a sire. 

With our present methods of selecting sires, about 60 per cent of 
dairy sires fail to raise or lower the production of their daughters as 
compared to that of the dams of the daughters by a significant 
amount; that is, they are about average in transmitting ability. 
About 20 per cent lower their daughters production, only about 
20 per cent raise their daughters production level, while only 
about 5 per cent are truly outstanding sires. We have no figures on the 
percentage of breed-improving meat animal sires, but doubtless it 
is not much different than in dairy cattle. 

This scarcity of good and outstanding sires means that the owner of 
an average herd who uses only one or two sires at a tin\e will be ex¬ 
tremely fortunate to get just one really good sire in a lifetime. The 
man who gets two or three is truly living right! 

This means that when a really good sire is found every attempt 
should be made to preserve his influence in the herd. I his can be 
done successfully only by a linebreeding program. 

If an outstanding sire is used in a top herd his daughters get 50 
per cent of their inheritance from him and are good because of it. 
If no attempt is made to linebreed to the outstanding sire his daughters 
and granddaughters will be bred to unrelated sires and his grandsons 
and granddaughters will carry only 25 per cent of the genes of the 
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old sire, his great grandsons and great granddaughters will have only 
\ 2 ' 2 P er cent > etc - Thus, the influence of the sire will be quickly 
diluted out and lost. Unless the breeder has more than average luck 
the unrelated sires used on his descendants will be of only average 
breeding value and the whole herd will decline in merit as the 
inheritance of the outstanding sire is diluted out. 

A linebreeding program can be used to maintain an outstanding 
sires’ influence in a herd, but it should be emphasized that we can 
retain a degree of relationship to him only as strong as the relation¬ 
ship of his closest living descendant at the time of his death. If we 
have animals that are 50 per cent related to him, and intermate them 
exclusively after his death, this relationship can be maintained but 
never increased. Similarly, a relationship of 75 per cent could be 
maintained if animals 75 per cent related were available. Practically, 
the relationship of the herd will usually decline somewhat in future 
years due to the fact that it would be a rare herd made up entirely 
of descendants of a single sire. 



FIGURE 91a. Animals X, Y, and Z all have inbreeding coefficients of 12^ per cent. 
X is not linebred since no one ancestor predominates in his pedigree. Y and Z are 
both linebred to M, Y being 50 per cent related and Z 62}g per cent related to him. 

The linebreeding program can take a variety of forms and its in¬ 
tensity is not necessarily measured by the inbreeding coefficients of 
the animals produced. Three of the pedigrees in Fig. 91a show the same 
amount of inbreeding, but the relationship, or percentage of “blood,” 
from a certain animal is quite different. A bull may be used on his 
own daughters, he may be bred to his granddaughters, his sons may 
be bred to his daughters, or various combinations of such matings 
may be made. It is usually best to let the quality of the available 
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animals determine the type of matings, rather than plan them m 
advance and follow the plan regardless of the quality of the animals 

available. . , f 

A linebreeding program consistently followed over a period oi 
years will not only maintain a relationship to a favored ancestor, but 
also will keep the contemporary animals in a herd closely related to 
each other and therefore probably of more than average uniformity. 

Linebreeding is most generally pointed to a great sire because sires 
leave more offspring than dams and have an opportunity to be more 
thoroughly appraised on the basis of their progeny. Occasional ex¬ 
amples of successful linebreeding to a female are seen, however. 

Linebreeding (and perhaps also mild inbreeding not necessarily 
directed to any one individual) should generally be practiced in herds 
of the following kinds: 

1. Better-than-avcrage herds where the quality is high enough so 
that it is difficult or impossible to obtain sires outside the herd with 
a reasonable prospect that they will be as good as home-raised sires. 
The use of home-raised sires in such herds has the additional advantage 
of having the prospective sires raised at home where their productive 
performance can be evaluated in relation to their known environ¬ 
ment. In buying sires it is usually difficult to determine how much 
their performance depends on breeding and how much on pampering. 

2. Linebreeding is often justified in an average, or only slightly 
above average, herd if a particularly outstanding sire is or has been 
used. This linebreeding program should be built around such an 
animals’ best progeny and not those left after the best have been sold. 

3. Linebreeding is justified only in a herd where the owner is well 
informed regarding both its possibilities and pitfalls. All linebreeding 
involves a degree of inbreeding and some deterioration is to be ex¬ 
pected. The owner must be prepared to cull the undesirable segre¬ 
gates when necessary and must have the financial resources to make 
ruthless culling possible. 

4. The herd must be at least of “two-sire" size if a linebreeding 
program is to be followed for many years without inbreeding levels 
rising to dangerous levels. 

Herds of the following types should almost never inbreed or 
linebreed: 

1. The grade or commercial herd owner can seldom if ever afford 

to linebreed since he runs the risk of undesirable results and cannot 
sell his stock at increased prices for breeding purposes even if results 
should be good. * 

2. It is usually a mistake for the owner of a below-average pure- 
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bred herd to linebreed since more rapid progress can usually be made 
with outside sires. Furthermore, the probability of poor results in¬ 
creases as the quality of the foundation stock goes down. Undoubtedly 
poor results from indiscriminate linebreeding (and even closebreeding 
in such herds) is responsible for the undeservedly poor reputation the 
practice has in many quarters. 

3. Owners of small “one-sire” purebred herds can usually not fol¬ 
low a linebreeding program based on home-raised animals very long. 
Oftentimes a breeder of this type can profit by buying all his sires 
from a larger breeder who follows a successful linebreeding program— 
thus in effect following the program of the larger breeder. 

4. Linebreeding with inferior animals, merely as an economy 
measure, is not desirable. 

5. The owner with inadequate financial resources should not at¬ 
tempt either type of program. 

SUMMARY 

Inbreeding in any of its forms creates no new hereditary material 
either good or bad. Its primary genetic effect is to bring about homo¬ 
zygosity. As a result of this, some undesirable factors are almost always 
brought to light and their effects bring about an average lowering 
of phenotypic merit. There are exceptions to this general rule, how¬ 
ever, and some strains appear to undergo little if any depressing 
effects of inbreeding on performance. 

Closcbrceding has sometimes been followed by favorable results 
in terms of breeding value. Linebreeding when properly used is a 
powerful tool for herd and breed improvement. It is probably sig¬ 
nificant that, almost without exception, the breed-improving herds 
of the past and present have been those where closebreeding (or line¬ 
breeding) has been carried on intelligently. 

Closebreeding for the purpose of developing inbred lines to be used 
in crosses with other inbred lines or with non-inbred stock is a promis¬ 
ing procedure for livestock improvement, but it must as yet be con¬ 
sidered in experimental stages. 

QUESTIONS 

1. Define inbreeding. 

2. Define closebreeding. 

3. ^ Define linebreeding. 

4. In your opinion should the mating of a sire to his daughter be called 
closcbrceding or linebreeding? 



INBREEDING 


269 


5 . What is the closest form of inbreeding possible in plants? In animals? 

6* What is the genetic effect of inbreeding? 

7 . We often speak of animals as being related. What docs this mean to you. 

8. Summarize in your own words the average outward effects of inbreeding 
on performance of animals. 

9. Why does inbreeding sometimes give good and sometimes bad results. 

10. Who was the first breeder known to have used inbreeding successfully. 

11. Summarize the probable effect of inbreeding on breeding value. 

12. Explain why the influence of a good sire can be quickly lost in a herd 
unless linebreeding is practiced? 

13. What kinds of herds should linebreed? 

14. In what type of herds should linebreeding not be practiced? 

15. If possible, visit a herd in your locality where linebreeding is being prac¬ 
ticed and get the views of the owner. 

16. Calculate the inbreeding coefficients of some animals in herds of neigh¬ 
boring breeders. 
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OUTBREEDING 


Outcrossing 

Grading 

Crossbreeding and New Breeds 

Heterosis 

Hybridization 


The term outbreeding is just the opposite of inbreeding. It means fol¬ 
lowing a breeding system that includes the mating of animals less 
closely related than the average of the group to which they belong— 
for practical purposes usually considered as animals with no common 
ancestors in the first four to six generations of their pedigrees. 

Outbreeding includes crossing unrelated animals within breeds, 
crossbreeding, grading up, the crossing of inbred lines, and extreme 
crosses between animals belonging to different species such as the 
cross of the ass and the horse to produce the mule. Our purpose in 
this chapter is to discuss the usefulness and limitations of these various 
types of outbreeding. The subject of crossbreeding and crossing inbred 
lines for commercial production is of sufficient importance that dis¬ 
cussion of them will be considered separately in the following chapter. 

OUTCROSSING 

This is the practice of crossing unrelated animals within the same 
pure breed. It is the most common breeding system in use by American 
breeders. The common practice of continually selecting the best avail¬ 
able, but unrelated, sires for use on the females of a herd is really an 
outcrossing system combined with selection and is often spoken of as 
mass selection. Although unspectacular and in many ways less effective 
than some other breeding systems, it has nevertheless been responsible 
for a high percentage of the changes brought about in livestock since 
the breeds were formed. 

The pool of genes in any breed has, in general, been elastic enough 
to permit outbreeding systems to bring about marked changes in 
type and other characteristics. Indeed, selection to change the pro¬ 
portions of the various genes, and inbreeding to increase homozygosity 
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are the only two breeding systems available to the breeders of most of 
our modern breeds because breed-society rules prohibit the introduc¬ 
tion of outside genes into a breed. . . . 

A rather prevalent but erroneous opinion is that inbreeding is in¬ 
creasing rapidly in our breeds and that they are truly “pure strains.” 
A good deal of inbreeding did occur in the formative stages of many 
breeds (As one of the most extreme examples, average animals of 
the Shorthorn breed in 1920 were found to be about 26 per cent in- 
bred mostly due to intense inbreeding by a few pioneer breeders.) 
Studies of many breeds, largely by Sewall Wright and Jay L. Lush 
and their associates, show that in general the present increase in 
average inbreeding coefficient is about 0.5 per cent per generation. 
Thus, it will take the average breed about 25 generations (around 
110 or 112 years in beef cattle) to increase in homozygosity, as much 
as would result from one generation of half brother X sister mating. 
Even this much increase in homozygosity is likely reduced somewhat 
by occasional registration of a grade through mistake or fraud. 

Thus, largely as a result of outcrossing combined with selection, the 
breeds have reached their present status. Perhaps the most marked 
changes occurring the past 50 years have been those in hog type. They 
are discussed further in the chapter on swine. Probably if a group of 
breeders of “chuffy” hogs in 1900 had been shown a picture of the 
“race horse” type which evolved by 1930 and told that their job was 
to create such a type, their first reaction would have been, “It can t 
be done.” Such a change was made, however, and doubtless our 
present-day intermediate-type hogs have enough hidden variability 
to permit the re-creation of either extreme type should it ever be de¬ 
sirable to do so. 

Other examples of changes such as the smoothing up of dairy cows, 
the increased compactness of beef types, and the divergence of the 
Shorthorn breed into beef and milking types could be quoted and dis¬ 
cussed, but will not be taken up here. 

For characters that are largely under the genetic control of genes 
with additive effects and are highly hereditary, a system of mass 
selection and outcrossing is highly effective. The high heritability 
makes individual or phenotypic selection highly accurate in locating 
those animals with a greater than average number of good genes. The 
mating of selected animals in outcrosses results in relatively few 
undesired genes being fixed in homozygous form. In other words, a 
breeding system of this kind brings about immediate improvement 
and at the same time does not shut the door on future improvement 
as an intense inbreeding program might do. 
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Growth rate in beef cattle is an example of a highly hereditary trait 
for which a breeding system of this kind should be most effective. In 
fact, the system will be effective to a degree for traits with much lower 
heritabilities—there being no definite lower limit at which we could 
suddenly say some other system was preferable. 

As selection of this type proceeds, over a series of generations the 
frequency of desired genes becomes relatively high, genetic variability 
is decreased, and heritability declines. Factors hurrying this along arc 
probably these: Every character is partly under the control of genes 
with dominance or epistatic effects or both. Outcrossing with selection 
is an ineffective system for fixing genetic factors having these types of 
action due to the fact that phenotype and genotype are not closely 
related. Thus, selection becomes more and more inaccurate. Too, 
outcrossing is almost powerless to fix characters through bringing 
about homozygosity. Thus, unless recourse is had to more powerful 
breeding systems, hidden recessive factors remain to limit further 
progress. 

The fact that reduced heritability occurs following selection is 
apparent from at least two studies. Heritability of type score was 
found to be about 30 per cent within strains of chuffy and rangy 
Poland China hogs. Heritability was 92 per cent among the progeny 
of crosses between these strains. The latter figure indicates why 
breeders have been able to alter type so rapidly upon occasion in the 
past, while the figure of 30 per cent within strains (70 per cent of the 
variation due to environmental differences) indicates why further 
progress is difficult in a herd already fairly good. In sheep the herita¬ 
bility of wrinkling has been found to be high in moderately wrinkled 
flocks, but much lower in smoother flocks where much progress has 
already been made in eliminating wrinkles. 

Thus, when mass selection and outcrossing have carried a breeder 
to the point where further progress is difficult, or when selection is for 
characters initially low in heritability, he should turn to inbreeding or 
linebreeding to fix the desirable characters and permit more effective 
selection against undesirable recessives. 

Most of the breeders whose herds have truly exerted an influence on 
their breeds have practiced intensive selection. They have also prac¬ 
ticed inbreeding or linebreeding with a resulting improved breeding 
value of their animals. Nevertheless, these master breeders at times 
have recourse to outcrossing for its regenerative effect or to introduce 
new genes. Only when used in the latter ways with a specific aim in 
view is outcrossing in an above-average herd to be recommended. In 
below-average herds, it is usually the best breeding method. 
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GRADING 



This is the practice of breeding purebred sires of a given breed to 
grade or native females and their female offspring generation after 
generation. 


Scrub cow No. 60. Average 
production 3,313.2 lb. of milk 
and 178.47 lb. of fat. 


Half-blood Jersey No. 241 
out of scrub No. 60. Average 
production 6,126.4 lb. of milk 
and 348.98 lb. of fat. 



Three-quarter blood Jersey 
No. 348 out of half-blood 
Jersey No. 241. 


FIGURE 92. Results of grading up. 
188) 



{From Iowa Agricultural Experiment Station Hull cl in 


The first-generation offspring carry 50 per cent of the “blood” of the 
pure breed and, depending upon the quality of the original females, 
can usually be expected to be a considerable improvement over their 
mothers.-The next generation gives offspring with 75 per cent of the 
hereditary material of the pure breed, and in subsequent generations 
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the proportion of inheritance remaining from the original scrub females 
is halved with each cross. After five or six crosses the animals are, from 
a genetic standpoint, virtually the same as purebreds. Most breed 
associations have closed herd books—not permitting the registration 
of any animals not tracing in all lines of their pedigrees to registered 
stock. Thus, the high grades are not eligible for registration. This is 
partly to protect the breed from the possibility of grade animals 
introducing undesirable factors into the breed through the tiny frac¬ 
tion of native inheritance they still carry. It is partly to protect inter¬ 
ests of established breeders in much the same way that patent laws 
protect the interests of inventors. 

New breeds, such as Columbia sheep and Santa Gcrtrudis cattle, 
often maintain an open herd book and permit the registration of high 
grades, usually subject to inspection for quality and conformity to 
breed type. 

Grading is a process by which a few purebred sires can rather 
quickly transform a nondescript population into a group resembling 
the pure breed. The quality of the resulting grades depends entirely 
on the quality of purebred sires used—the grading process is not a 
creative one. 

Many experiments have shown the value of grading. The first- 
generation daughters of good dairy sires in an Iowa experiment years 
ago produced 55 per cent more milk than their dams, and the second- 
generation daughters produced 116 per cent more milk than their 
scrub granddams. Essentially similar results with beef cattle, sheep, 
and hogs could be quoted. If superior sires are used in each generation 
of a grading program, the grades after several generations are often 
superior to many purebreds. This does not mean, however, that grad¬ 
ing is a better breeding procedure than purebreeding. Some purebreds 
have the genes that give them the external appearance of purebreds, 
but few genes for efficient production. Grading with this type of pure¬ 
bred will not lead to improvement, whereas grading with purebreds 
that have not only the external trade-mark genes, but also a goodly 
supply of those causing efficient production, will lead to rapid im¬ 
provement. The majority of our commercial livestock is today pro¬ 
duced by grade breeding or crossbreeding—both procedures being 
based on the use of purebred sires. These procedures will continue to 
be used so long as the purebreds themselves continue to improve, 
thus providing a goal towards which grades can build. 

Instances are known, however, where selection programs in grade 
herds have been directed toward factors of more productive value 
than in the majority of purebred herds. This has resulted in grade 
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herds more productive than a majority, not just an inferior few of the 
purebreds. There seems no reason to discourage the sale of sires from 
such herds if they are truly superior. 

In the great majority of cases, however, grading should be thought 
of as a breeding procedure for the production of animals for the mar¬ 
ket. The man who eventually aspires to the production of seed stock 
for sale to others may start with grades because of their low cost, or to 
get experience with livestock before making heavy investments in 



FIGURE 93. The grade Clydesdale gelding, Major MacFarlane, Champion at the 
International Livestock Show, 1921 and 1923. He is only two generations removed 


from a cayuse marc. 


purebreds. He must usually plan on shifting over to purebreds before 
being able to sell breeding stock. 

A word of caution should be introduced against the use of purebreds 
in grading programs in areas where the particular purebreds used are 
not adapted. Purebred dairy and beef cattle from temperate zones 
often degenerate when used in tropical or subtropical areas and their 
offspring do not have the vigor and constitution for high production 
in the warmer climate. Sometimes, in such cases, the first crosses, 
still having 50 per cent native genes plus the genes for high production 
from the introduced purebreds, will be a distinct improvement over 
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their native mothers. Second and later crosses having 75 per cent or 
more of the pure blood may deteriorate rapidly, however. 

For grading to be successful it is not enough to use just any 
purebreds. These purebreds must have evidenced the ability to per¬ 
form well under the conditions which their offspring will have to 
meet. 


CROSSBREEDING AND NEW BREEDS 

Crossbreeding is the mating of animals of different breeds. It is 
carried on for one of two purposes, namely, (1) for commercial pro¬ 
duction of market animals, or (2) to get foundation animals for 
founding a new breed. The first of these will be treated in the next 
chapter so we will limit our discussion here to its function in the forma¬ 
tion of new breeds. 

The question of whether we need new breeds or not is a contro¬ 
versial one. Breeders of established breeds usually hold to the view 
that we have enough breeds now and that selection and the applica¬ 
tion of the proper breeding systems can mold them to fit all demands. 
Certainly there is much logic to their argument that the same amount 
of effort expended on the improvement of an existing breed might be 
more profitable in many cases than the development of a new one. 

Two situations justify attempts to form new breeds. The first of 
these occurs if no existing breeds fill the needs of an area or particular 
segment of the industry and give little promise of doing so in the fore¬ 
seeable future. The second occurs when several desirable traits are 
found in two or more breeds, but not all in any one breed. Effort may 
be justified toward creation of new breeds with efforts made to build 
in all desirable traits. The necessity for building new breeds would be 
considerably lessened if existing breed associations would revise their 
rules to permit the introduction of outside genes where they obviously 
are needed. 

Historically, many breeds were formed by selection from among the 
crossbred progeny of previously existing breeds or strains. The creation 
of new breeds on crossbred foundations is thus nothing new. 

A number of new breeds have been developed within the past 50 
years. The degree to which each satisfies the demand that led to its 
creation will determine its ultimate acceptance or rejection. 

New Breeds of Sheep. The sheep industry of our great Western 
range area is built upon a foundation of fine-wool breeding. Fine- 
wools have the vigor, hardihood, and flocking instinct necessary for 
survival on the range, but are often lacking in size and carcass quality. 
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if’l SU.rA\. . 

FIGURE 94. Rcprescntaiive animals of two new breeds of sheep developed from 
crossbred foundations. The Columbia breed {above) was developed from crosses of the 
Lincoln and Rambouillet breeds. The Targhce {below) descends from foundation 
stock with three-fourths Rambouillet and one-fourth long-wool breeding. {Courtesy 
U.S. Sheep Experiment Station, Dubois, Idaho) 
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Long-wool and Down breeds of sheep supply the size and carcass 
quality lacking in the fine-wool and for many years crossbreeding has 
been used extensively for market lamb production. 

In efforts to combine the good qualities of both types and eliminate 
the need for continual crossbreeding, various new breeds have been 
developed or are in the process of formation. Their rather great public 
acceptance thus far is an indication that the objectives have been at 
least partially realized. 

Crosses made originally in 1912 between Lincoln rams and Ram- 
bouillct ewes produced foundation stock from which U.S. Department 
of Agriculture specialists, working mostly at the experiment station at 
Dubois, Idaho, developed the Columbia breed. The Columbia is now 
an established breed with its own registry association. 

The Targhee is in the process of development at the Dubois Station. 

It has % Rambouillet and long-wool breeding. 

The Panama has been developed privately by James Laidlow of 
Idaho. It is based on stock produced by crossing Rambouillet rams on 
Lincoln ewes. The Corriedale, a New Zealand breed of sheep now 
widely raised in the United States, resulted from the use of Leicester 
and Lincoln rams on Merino ewes. 

The development of these and other less well-known breeds or 
strains of sheep to fill a particular need demonstrates at the same time 
another fact. Two men might start to cross breeds A and B to produce 
a new breed C. The resulting breeds might be very different types for 
a variety of reasons: (1) No existing breed is homozygous; hence the 
stocks they started with would vary; (2) they might place emphasis on 
different things in selection; and (3) the breeds might diverge after 
sale to other breeders. 

New Breeds of Beef Cattle. In the Gulf Coast areas of the United 
States, abundant experimental evidence, as well as observation by 
cattlemen, indicates that the three British breeds of beef cattle, com¬ 
monly used elsewhere in the United States, lack the heat and insect 
resistance, the ability to live on sparse feed, or perhaps some other 
quality necessary for maximum production. Crosses with the Brahman 
type of cattle, originally imported from India, have resulted in cattle 
with more ability to thrive under existing conditions of feed and 
climate. Experimental evidence is lacking, but pure Brahmans are 
reputed to lack in carcass quality. Thus, high-grade Brahmans might 
be no more satisfactory for commercial production than the British 
breeds although for different reasons. 

Cattlemen are using both Brahman and British blood in continual 
crossbreeding programs, often with satisfactory results. Several new 




breeds based on crossbred foundations are also being developed in an 
effort to use Brahman and British blood without the need for continual 

^The honor of developing the Santa Gertrudis, the first breed of this 
tvoe (and incidentally the first American breed of cattle), goes to the 
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FIGURE 95. Front and rear views of a group of fitted Santa Gertrudis heifers. These 
animals arc representatives of the first breed of cattle developed in America. (<Courtesy 


King Ranch , Kingsville , Texas) 


King Ranch, Kingsville, Texas. Established in 1851, the King Ranch 
was originally stocked with “Texas Longhorns”—animals able to 
survive under the heat and sparse forage conditions typical of the huge 
ranch, but definitely lacking in carcass quality. The herds were graded 
up to Shorthorns and Herefords from 1880 to about 1910. Carcass 
qualities improved, but ability to live and grow on the range de- 
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creased. Limited crosses with Brahman bulls were made during a test 
period (1910 to 1918). These were so promising that the development 
of a new breed containing % Brahman and % Shorthorn “bloods” 
was started. After more than 30 years of development, the breed is now 
widely used. A breed association was established in 1951. 

Numerous other strains containing Brahman blood are being devel¬ 
oped in the South. Among these the Beefmaster developed by the 
Lasater Ranch of Falfurias, Texas, from Shorthorn, Hereford, and 
Brahman stock; the Brangus developed from Brahman X Angus 
crosses; and the Charbray developed from the blood of the Brahman 
and the French Charollais breed have received most publicity. 

These breeds, and others, all attempting to combine the qualities 
of different types to produce new strains adapted to beef production 
under rigorous environmental conditions, are now undergoing wide 
trial. Their ultimate usefulness will depend upon how nearly their 
performance comes to that of the initial crossbreds. If the new strains 
can be made to maintain the productivity of the original crossbred 
stocks going into them, their future is assured. If, however, subsequent 
generations lose a great deal of the apparent hybrid vigor of the initial 
crosses, crossbreeding for commercial production will continue in the 
area. 

Recent results of the Balmorhca, Texas, bull-feeding tests, in which 
groups of bull calves by certain sires are fed under standard conditions 
for a period of 140 days, give a strong indication that some such 
strains have excellent gaining ability, as shown in Table 20. 


Table 20 


Designation 

No. 

bulls 

Av. initial 
wt. t lb. 

Av. daily 
gain on test 

1949-1950 Test 




Grade Santa Gcrtrudis. .. 

6 

696 

2.59 

Beefmaster. 

6 

629 

2.50 

Brangus. 

9 

488 

2.20 

All Hereford? 

83 

561 

2.17 

Highest-gaining Hereford group. 

5 

473 

2.35 

1950-1951 Test 




Highest-gaining Santa Gcrtrudis group. 

4 

601 

2.68 

All Santa Gcrtrudis. 

8 

651 

2.63 

Highest-gaining Hereford group. 

5 

743 

2.83 

All Hercfords. 

111 

540 

2.34 


The above results should be interpreted with caution for two rea¬ 
sons: 
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1 They are for rate of gain only and tell us nothing about the carcass 
auality of the bulls themselves or their progeny. Live animal grades 
were lower for the new types than for the Herefords, but the relation¬ 
ship of these grades to carcass grades between different types ot cattle 
is unknown. 

2. Only a few, undoubtedly highly select animals, of the new types 

were fed while many more Herefords were fed. 

In quite recent years experimental work has been undertaken to 
determine if the blood of a Brahman breed, the Red Sindhi, developed 
for dairy purposes in India, will result in the production of better 
dairy cows for the Gulf Coast area when crossed with dairy breeds 
now common in this country. Crosses are also being made between 
cows showing good dairy character from beef-type Brahman herds and 
dairy breeds. If these initial crosses are promising, efforts will probably 
be made to develop dairy strains incorporating Brahman blood. 

New Breeds of Swine. All common American breeds of hogs 
except the Berkshire, the Yorkshire, and the Tamworth were devel¬ 
oped in this country from various mixtures and crosses during the 
nineteenth century. These breeds have been well established for so 
long that many breeders overlook their crossbred origin. 

A number of new strains, some of which can now be classed as 
breeds, have been developed since 1934. In that year the United 
States Department of Agriculture made an importation of Danish 
Landrace hogs from Denmark. Most of the new strains contain blood 
of this bacon breed. 

The Landrace has been bred in Denmark for over 40 years under a 
systematic progeny-testing system which is described in some detail 
in the chapter on hogs. The breed appeared to have developed certain 
characters, including • length of body, well-developed hams, pro¬ 
lificacy, and ability to gain rapidly and efficiently, which would make 
them useful in this country. Under terms of the original agreement 
with the Danish government the purebred Landrace stock could not 
be raised by individuals here, only by certain experiment stations. 

Partly because of this agreement and partly because some charac¬ 
teristics of the Landrace, such as weak feet and legs, white color, sparse 
hair, and sagging backs, were considered undesirable for American 
conditions, efforts were begun to form new strains combining the good 
characters of the Landrace with the darker colors, stronger feet and 
legs, and other desirable characters of American breeds. 

Thus far two of the new strains have been released and are being 
used commercially. The Hamprace (also sometimes known as the 
Montana No. 1) has been developed at the U.S. Range Livestock 
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Experiment Station, Miles City, Montana, by the Montana Agri¬ 
cultural Experiment Station and the Bureau of Animal Industry, 
U.S. Department of Agriculture. Solid black unbelted Hampshire 
segregates from purebred herds and Danish Landrace animals pro¬ 
vided the original stock. These breeds were crossed and the new breed 
developed by selection from the F 2 and backcrosscs to each parent 
breed. The Hamprace is a solid black hog with much of the type of 
the Landrace. There were about 75 breeders of this new breed in 1950 


FIGURE 96. The grandmother of the Montana No. 1. This black sow was from a 
second-generation litter of the I.andracc X Hampshire cross. In 8 litters she farrowed 
96 pigs and weaned 83 at 36 days of age. The litters averaged 351 lb., or 34 lb. per pig. 
Selection has largely eliminated the depression behind the shoulders, but has not 
increased productivity. (Courtesy of J. R. Quesenbcrry , U.S. Department of Agriculture , 
Miles City, Montana) 

The Minnesota No. 1 is a red strain developed by the Minnesota 
Experiment Station from Tamworth and Landrace foundation ani¬ 
mals. It is in far wider use than any other new hog strain, there being 
approximately 600 breeders in 18 states by 1950. 

Another new strain developed by the Minnesota Station is the 
Minnesota No. 2 developed from Poland China and Yorkshire 
foundation animals. It is the only new strain not carrying Landrace 
blood, and was developed primarily to use in crossbreeding with the 
Minnesota No. 1. 

The Bureau of Animal Industry has seven new strains carrying 
Landrace blood under development and test at the Beltsville (Mary¬ 
land) Experiment Station and in herds of cooperators. Several state 
experiment stations have strains in process of development which 
have not yet been released to the public. 




FIGURE 97. Minnesota No. 1 boar (lop) and Minnesota No. 2 boar (bottom). 
(Courtesy of L. M. Winters , University of Minnesota) 


Most of the new strains have been inbred to a considerable extent 
as they have developed and most of them now have average inbreed¬ 
ing coefficients of 25 to 40 per cent. Thus, they already have consider¬ 
ably more homozygosity than most established breeds. They might as 
well be considered inbred lines as breeds. They have been developed 
primarily for commercial use in crosses with each other and with other 
lines and breeds of hogs. Their value will be determined by the pro- 
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ductivity of their crossbred offspring and not by their performance as 
pure strains. 

The Inbred Livestock Registry Association of St. Paul, Minnesota 
is registering the Minnesota No. 1, Minnesota No. 2, and the Hamp- 

race, or Montana No. 1. The latter strain also has two other registry 
associations established. 6 y 


* n general, the creation of a new breed is something not to be taken 
lightly and should be undertaken only when a definite need is 
apparent. The number of new breeds that could be developed is 
virtually limitless. The drawbacks to attempting the development of 
new breeds are (1) the time and expense involved, (2) the large num¬ 
ber of animals that should be raised to give ample range for selection, 
and (3) the difficulty that might be encountered in selling the new 
breed to producers even if it had real merit. 


The whole matter of the creation of new breeds is a fascinating sub¬ 
ject. Most breeders lack the time, capital, and equipment to success¬ 
fully start new breeds and perhaps these fields should best be left to 
state experiment stations or the U.S. Department of Agriculture. 
Breeders with the financial resources necessary for success, a sound 
knowledge of the factors involved, and the capacity for experimenta¬ 
tion should not be discouraged if they visualize a real necessity for a 
new breed. 


HETEROSIS 

The cross of unrelated individuals often results in offspring with 
increased vigor. This may be expressed in a number of ways, including 
a higher percentage living to maturity, faster and more efficient 
growth, or better mothering ability when the crossbreds in turn repro¬ 
duce. The genetic reason for this heterosis, or hybrid vigor, is not 
known with certainty, but some of the probable reasons will be 
discussed. 

As a species or a breed develops it becomes homozygous for some 
dominant favorable factors, and probably also for some unfavorable 
recessive ones. Another breed or species would probably not be homo¬ 
zygous for the same undesirable recessive genes. Thus, when two 
breeds were crossed the cross might be illustrated as AA bb X aa BB, 
with the offspring being Aa Bb. Since it carries one dominant of each 
pair, the offspring would be expected to be more vigorous than the 
parent. 

This explanation of heterosis assumes that it is largely due to cover¬ 
ing up the effects of recessive genes. 
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Another possible explanation for heterosis is that the heterozygote 
is genetically more vigorous than either homozygote; that is, Aa is 
superior to either AA or aa. This situation is spoken of as overdominance. 
Heterosis is probably due in part to the superiority of the hetcrozygotc 
and partly to the presence of favorable dominant genes. 


HYBRIDIZATION 

The widest possible kind of outbreeding is the cross of two species. 
A good example of this is the cross between the jack of the ass species 
and the mare of the horse species to produce the mule. It seems quite 
probable that the horse species and the ass species have come from 
common parent stock. In the dim past, natural selection working on 
variation (recombinations, mutations, and chromosomal aberrations) 
began to set them off into distinct species. They still have many genes 
in common, but they also have enough different ones so that they are 
recognized as distinct species. Up to now, they have enough similarity 
that the sperm of one will fertilize the ova of the other and produce 
vigorous offspring. The mule has been valued for centuries for its ability 
to work under difficult conditions, and its ability to withstand abuse. 

Genetic differences between the horse and the ass arc apparently so 
great, however, that the male mules arc always sterile and the females 
usually so. The separation of the chromosomes at the time of germ¬ 
cell formation is usually abnormal and gametes are either not formed 
or incapable of fertilization. At least three fertile mare mules have been 
reported, however. In 1920, L. T. Branham of Montalla, 'I exas, re¬ 
ported that a mare mule in his possession had dropped a living foal 
to the service of a jack. The contention was supported by affidavits of 
the owner and some neighbors. The mare was loaned to Texas A & M 
College and, after failing to conceive when bred to a jack in 1921, 
dropped a living stallion foal in 1923 as the result of having been bred 
to a Saddle stallion the year previous. Other fertile mare mules have 
been reported in Indiana and Arizona. 

In all cases these fertile mare mules have bred as if their fertile ova 
or eggs contained only horse chromosomes. Thus, their breeding 
behavior has been the same as that of mares. They produced foals 
that resembled mules when bred to jacks and foals that were indis¬ 
tinguishable from horses when bred to stallions. 

Some other hybrids are: 

1. The hinny is the reciprocal of the mule, being the result of the 
stallion-jennet cross. It is said to resemble the horse more than the 
mule does. It has never become popular in the United States. 
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2. The zebroid , a zebra-horse hybrid, is fairly popular in the tropics 
because of its docility and its resistance to disease and the effects of the 

heat. . 

3. The pien niu produced by crossing cattle and the yak in Tibet. 

4. The cattalo produced by first crossing bison (American buffalo) 
bulls on domestic cows. Males from this cross usually die at birth, but 
females live and are sometimes fertile. They are bred to domestic bulls 
and their daughters in turn to Bison bulls to produce the cattalo. They 
are said to have certain advantages over cattle and may someday 
become popular. 

5. The humped cattle of India (Brahman) are classed as a different 
species from other cattle. As we have seen, and will discuss further in 
the next chapter, crosses between these two species are quite commonly 
used in the southern United States. Their hybrids are perfectly fertile. 
There is some doubt that the two groups should be called different 
species and their hybrids are usually called crossbreds. 

The sheep and goat are related groups, but apparently not as 
closely related as the above groups. When crosses are made between 
them fertilization takes place and the embryos develop for a time, but 
always die before normal parturition and are resorbed or aborted. 
When crosses are made between other less closely related species, 
fertilization does not even occur. 

SUMMARY 

Outbreeding is the mating of unrelated animals. When combined 
with selection, it is an effective tool for changing gene frequencies and 
thereby changing the average type or performance. It has been the 
most commonly used breeding system in our various purebred breeds. 
Outbreeding maintains a high degree of heterozygosity and, even 
when combined with selection, does not produce true breeding strains. 
Outbreeding systems, including outcrossing within breeds, grading 
common females to one breed, crossing breeds, and crossing species, 
are widely used for the production of commercial livestock. 


QUESTIONS 

1. Define outbreeding. 

2. List the various kinds of outbreeding. 

3. Would you advise a man to follow a grading program if he intended to 
raise sires for sale to commercial producers? Why or why not? 

4. List four new breeds that have been developed from crossbred founda¬ 
tions. What is the origin of each? 
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5. Under what conditions would you say a new breed was needed? 

6. Where did Brahman cattle originate? 

7. Where did most of our other breeds of beef cattle originate? 

8. What is heterosis? 

9. What is a hybrid? 

10. What are the parents of a mule? 



Chapter 20 


CROSSBREEDING 

AND LINECROSSING 


Crossbreeding Hogs 
Crossbreeding Sheep 
Crossbreeding Beef Cattle 
Crossbreeding Dairy Cattle 
Crossing Inbred Lines for 
Commercial Production 


Crossbreeding is the mating of animals from different established 
breeds. Although technically the term applies only to the first cross of 
purebred animals, we shall apply it also to systems involving the criss¬ 
crossing of two breeds and the rotational crossing of three or more 
breeds and to crosses of purebred sires of one breed to high-grade 
females of another. 

Crossbreeding for commercial production is carried on for two pur¬ 
poses. The first of these is to take advantage of any heterosis, or hybrid 
vigor, which may make the crossbreds better and more productive 
than either of the parental breeds even though the latter are of similar 
types. This is what a commercial hog producer is doing when he 
crosses two lard breeds of hogs. Although minor differences exist 
between breeds, the two breeds crossed arc ordinarily of the same 
basic type. The second purpose is to take advantage, as far as possible, 
of the good qualities of two or more breeds of distinctly different types. 
This is the type of thing which the Western sheepman is doing when 
he crosses his vigorous, hardy, gregarious Rambouillet ewes with good 
mothering ability to Hampshire or Suffolk rams. He hopes to get im¬ 
proved carcass quality and increased growth rate in the lambs while 
continuing to take advantage of the good range qualities and mother¬ 
ing ability of the Rambouillet ewes. 

Certain problems are inherent in the operation of any crossbreeding 
plan. If the plan involves crossing the males of one breed with females 
of another, the males will ordinarily be purchased from purebred 
breeders, with their acquisition posing no greater problems than if a 
grading program to a single breed was being followed. Female re¬ 
placements are a more difficult problem. Three different plans are 
possible: 
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1. If available from reliable sources they could be purchased. 

2. A portion of the herd or flock (preferably the best females) could 
be set aside each year and bred to males of their own breed for the 
production of replacement females. This would require one-third to 
one-half the total number of breeding cows or ewes, but only about 10 
to 20 per cent of breeding sows, depending on the age to which sows 
are kept. 



MGL'RE 99. Loyal Alumnus 4ch, ihc Grand Champion Steer at the 1941 Inter¬ 
national Livestock Exposition. This steer was out of a Shorthorn cow and by an Angus 
bull. {Courtesy of Animal Husbandry Department, Purdue University) 


3. The crossbreeding program could be interrupted for a breeding 
season as often as necessary and all females bred to males of their own 
breed for purposes of producing replacement females. 

The first plan is satisfactory if good replacements are readily avail¬ 
able at reasonable prices. The second plan is suitable only for fairly 
large operations where several sires are in use at once. Unless this is 
the case, too high an investment in sires would be necessary. The third 
plan could be used by any breeder, although it works best with hogs. 
All three plans have the disadvantage that almost all females of the 
straight breed arc likely to be used for breeding with little or no culling. 
A grading program would allow the producer to select a few of the 
top females for replacements from each year's crop and thus exert 
much stronger selection pressure. 

If the crossbreeding plan used is one involving the use of the cross¬ 
bred females with males of two or three breeds being used in sequence, 
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the problem is greatly simplified for the large operator, but sometimes 
not for the small herd owner. Specific plans of this kind will be dis¬ 
cussed in connection with each class of livestock. 

Crossbreeding usually results in animals showing a mixture of the 
breed trade-marks of the parental breeds. For some people this lowers 
the satisfaction they get from raising livestock to the point that they 
abhor crossbreeding regardless of its economic merits. Most people, 
however, will make their decision regarding crossbreeding largely on 
the basis of whether or not they think it will pay. 

There has been much controversy among breeders, commercial 
producers, and scientists over the merits of crossbreeding. As with 
most controversial subjects, the authors believe that no blanket recom¬ 
mendations can be made. We shall attempt to present the facts im¬ 
partially. It is up to each producer to weigh the facts and himself 
decide whether crossbreeding will have advantages over other breed¬ 
ing systems for his particular operation. 


CROSSBREEDING HOGS 

Crossbreeding for commercial production has been practiced more 
extensively with hogs than with any other class of farm animal. It is 
estimated that two-thirds to three-fourths of the market hogs in the 
principal corn-belt states are crossbreds. First let us consider crosses 
between purebreds of two breeds and between purebreds of one breed 
and high grades of another. 

Much experimental crossbreeding work of this kind has been done 
with hogs, and most of it shows small but often economically impor¬ 
tant advantages for crossbreds. Most workers in the field have recom¬ 
mended the practice. 

Other interpretations have differed. The ideal crossbreeding experi¬ 
ment is one in which both purebreds and their crosses are raised at the 
same time and under the same conditions. If the experiment includes 
females of only one of the pure breeds, it is always possible that the 
boars used for the production of crossbred offspring may be of a better 
breed or of an outstanding strain of their breed. The crossbreds will 
then be superior merely because they carry 50 per cent of their in¬ 
heritance from these superior boars. 

Using only data from crossbreeding experiments where both 
parental breeds and their crosses were involved, workers at the Illinois 
Experiment Station summarized the results of numerous experiments 
involving more than 50,000 animals. 1 They took the following as their 

1 Illinois Agricultural Experiment Station Bulletin 489, 1942. 
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point of reference: “For crossbreeding to be judged beneficial, the 
performance of the crossbreds must excel the performance of the better 
of the two parental strains of purebreds.” They considered the various 
items of productive importance shown in Table 21 one by one. In only 
one item, “average daily gain,” did the crossbreds exceed the better 
purebred and this by only 0.006 lb. per day. 

While agreeing with the basic premise of these workers that cross¬ 
breds must excel the best of the parental breeds, we believe their 
analysis is logically faulty for the following reasons: 

1. When two breeds, say, Poland Chinas and Durocs, were being 
compared with their crosses the crossbreds of each year were compared 
with the breed which was best that year. Now if we assumed that the 


Table 21. Hypothetical Crossbreeding Results with Swine 



Purebred 

A 

Purebred 

B 

Crossbreds 

Av no uies farrowed. 

10.0 

6.0 

8.5 

Per cent surviving. 

70 

90 

80 

Av. no. pigs alive, 180 days of age. 


5.4 

6.8 

Av. wt. per pig at 56 days of age. 

30 

40 

35 

Av. daily gain, 56 to 180 days.1 

1.2 

1.6 

1.5 

Av. wt. per pig, 180 days. 

178.8 

238.4 

221 .0 

Av. wt. per litter, 180 days. 

1251.6 


1402.8 


two breeds were equal in performance, it is obvious that due to chance 
one or the other will be ahead each year. The crossbreds, to show 
superiority in this type of analysis, thus have to be not only better than 
the purebreds, but enough better to offset this bias in the selection of the best 
purebred. 

2. The individual items considered arc cumulative in their effects. 
Even though the crossbreds were not superior to the best purebred in 
any one item, still in a measure of total productivity they might be dis¬ 
tinctly better. This is illustrated in the hypothetical case given in 
Table 21. 

In this example the crossbreds did not exceed the best purebred in 
any of the single items used to measure productivity. In litter weight 
at 180 days of age, however, the cumulative effect of the crossbreds 
being above the average of the purebreds for the individual items is 
felt with the result that the crossbreds have an advantage of 8.9 per 
cent. 

In view of the above considerations we believe it is fairer to compare 
the crossbreds with the average of the purebreds as has been done in 
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Table 22. This summary indicates small advantages for the crossbreds 
in all items except number of pigs at birth. The advantage of 5.3 per 
cent in survival more than offsets this, so that a larger average number 
of crossbred pigs would be raised. This, together with the advantages 
of the crossbreds in weaning weight, average daily gains after weaning, 
and in efficiency of gain, means that there would have been an 
appreciable advantage for crossbreds in litter weight and cost of 
production. 

The discussion thus far has been on crossing purebred sires of one 
breed with purebred or high-grade dams of another breed. Although 


Table 22. Analysis of Crossbred Swine * 



Better 
purebred t 

Poorer 

purebred 

Crossbred 

Av. of 
purebred 
parents 

Per cent by 
which 
crossbreds 
excel av. of 
purebreds 

Si7C of litter. 

1,538, 10.1 
1,728, 2.9 

1,081, 9.4 
4,176, 2.65 

1,515, 9.5 
6,137, 2.79 

9.75 

-2.5 

Av. birth wt., lb.. . 

2.775 

40.6 

Per cent survival. . 

8,288, 80 

15,874, 72 

9,935, 80 

76. 

45.3 

Av. weaning wt., lb. 

15,522, 33.4 

8,133, 31.7 

9,519, 33.3 

32.55 

+2.3 

Av. daily gain, lb.. 

489, 1.43 

574, 1.32 

794, 1.43 

1.37 

+4.3 

Feed per cwt. gain, 

lb. 

346, 366 

274, 382 

591, 368 

374 

+ 1.6 


* Adapted from Illinois Agricultural Experiment Station Bulletin 489, 1942. 
f First figure in second, third, and fourth columns shows number of pigs involved. 


the practice was formerly frowned upon and considerable prejudice 
still exists against it in certain quarters, experimental work during the 
past 20 years has shown rather conclusively that crossbred sows 
exhibit heterosis, or hybrid vigor, in their ability to raise pigs. Using 
them as mothers thus permits the producer to take advantage of 
heterosis in this important character as well as in rate of gain, survival, 
and efficiency of gain. 

To take advantage of heterosis in both the growing pig and in the 
sow without having to start over periodically with purebred females, 
workers at the Minnesota Experiment Station a number of years ago 
suggested systems known as crisscrossing and triple , or rotational , crossing. 
In crisscrossing, sows of breed A are mated to a boar of breed B. 
Crossbred gilts from these matings are then selected and bred back to a 
boar of breed A, selected females from these matings being mated to 
boars of breed B, and so on. 

It is seen from Fig. 100 that the crossbreds soon come to have about 
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two-thirds of their blood from the breed of their immediate sire and 
one-third from the other breed being used in the system. 

Another system of continuous crossbreeding involves the use of 
three pure breeds and is known as triple or rotational crossing. In this 
system boars of breed B are bred to sows of breed A, their selected 
crossbred gilts to boars of breed C, the female offspring of these mat¬ 
ings to boars of breed A with boars of breeds B and C being used in 


Crossbreds 
A 68.5 
B 31.5 


A 

100 % 


Crossbreds 
A 37,5 
B 62.5 


B 

100 % 


Crossbreds 
A 75 


B 25 


A 

100 % 


Crossbreds 
A 50 
l B 50 


FIGURE 100. Crisscrossing. 


B 

100 % 


A 

100 % 


turn. As seen in Fig. 101 the crossbreds soon come to have about four- 
sevenths of the blood of the breed of their immediate sire, two- 
sevenths from the breed of their maternal grandsirc, and one-seventh 
of the blood of the other breed being used. 

In getting started on a crisscrossing program, a backcross, that is, 
mating crossbred gilts to boars of the breed of one of their parents is 
necessary. Likewise, in a rotational crossing program one generation 
involves a straight three-breed cross. 

Theoretically, after the first few generations, the pigs from a criss¬ 
crossing program will exhibit about two-thirds as much heterosis as 
first crosses between the two breeds. This follows from the fact that 
crosses will be between purebred sires and sows carrying about two- 
thirds of their genes from the other breed. Similarly, in rotational 
crossing, the crosses will be between boars of one breed and sows 
carrying only about six-sevenths of the blood of other breeds, giving 
about six-sevenths, or about 86 per cent, as much heterosis as first 
crosses. 

In both these systems, however, heterosis in both the pig itself and 
the dam is utilized, thus leading to the supposition that total produc¬ 
tion may be as great or greater than in straight crossbreds. 
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Data in Table 23 from the Ohio Agricultural Experiment Station 
indicate that their results from rotational breeding were good. In the 
experiments from which these data were taken, work was done on 
three farms with the original sow herd and all the purebreds on each 
farm being of one breed. Each of the three farms had a different breed. 
Boars of the three breeds represented by the sows were used in a 
rotational breeding system on each farm and purebreds raised each 


Crossbreds 

A 15.6 
B 28.1 
C 56.2 


C 

100 % 


Crossbreds 

A 31.25 
B 56.25 
C 12.5 


B 

100 % 


Crossbreds 
A 62.5 
B 12.5 
C 25 


A 

100 % 


Crossbreds 

A 25 
B 25 
C 50 


C 

100 % 


Crossbreds 

A 50 
B 50 


B 

100 % 


A 

100 % 


FIGURE 101. Triple, or rotational, crossing. 


season for comparison with the various types of crossbreds. Thus, in 
spite of the fact that all purebreds and crossbreds were not raised on 
the same farm, approximately equal proportions of purebreds and 
crossbreds were raised in each season on each farm, and the data are 
definitely comparable. 


Table 23. Average Litter Performance of Purebreds , Crossbreds , Three-breed Crosses 
and Advanced Generations of a Rotation Crossing Program * 


Type of litters 

No. litters 

Av. no. pigs 
raised 

Av. wt. per litter 
at 180 days 

Gilt 

Sow 

Gilt 

Sow 

Gilt 

Sow 

Purebred. 

56 

46 

5.7 

6.7 

931 

|ip 

Crossbred. 

16 

23 

5.0 

7.2 

936 


Three-breed cross. 

8 

6 

7.6 

7.4 

1,344 


Advanced generations!. 

33 

14 

7.1 

8.0 

1,272 



* Adapted from Ohio Agricultural Experiment Station Bulletin 675, 1948. 
f The third, fourth, and later generations of pigs produced by a rotation crossing 


program. 
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As a general conclusion from the Ohio work it was stated: 2 

Although the data are not regarded as providing the final 
answer, they suggest that unless or until a better plan of breeding 
for the production of market hogs is developed, rotating purebred 
sires of three or more breeds on successive generations of sows 
selected from the herd is worthy of consideration. 

The preponderance of evidence indicates that on the average there 
are advantages in crossbreeding hogs, and suggests that the Middle 
Western hog raiser is on sound ground in producing such a large per¬ 
centage of crossbreds. 

The reader is urged to observe certain cautions in interpreting the 
facts presented on crossbreeding. First, the results quoted are average 
figures based on relatively large numbers in most cases. In individual 
cases there may be no advantage for crossbreeding. For example, in 
the Ohio work quoted above, 19 crops of pigs were produced. In 15 
of these the number of pigs raised per litter favored the crossbreds, in 
16 the crossbreds gained more rapidly than purebreds, and in 18 the 
average 180-day weight per litter favored the crossbreds. In other 
(ascs differences favored the purebreds. 

As a second consideration, the reader is urged to remember that 
crossbreeding is no substitute for good management, nutrition, and 
disease control. The average advantages for crossbreeding arc rela¬ 
tively small and neglect of any one of the above items could quickly 
result in more loss than any conceivable gain from crossbreeding could 
repay. 

A third factor, which should not be overlooked, is that the results 
from crossbreeding depend as much on quality of sires used as they 
do with any other breeding system. The consistent use of sires bred 
for performance could easily result in a grade or purebred herd with 
higher average productivity than in a herd where mediocre sires had 
been used in a crisscrossing, or rotational breeding scheme. 

Producers who arc going to follow a crossbreeding system must fol¬ 
low a definite plan which fits in with their hog management system. 
A crossbreeding program can degenerate with unbelievable rapidity 
into a scrub or mongrelization program if a sound plan is not rigidly 
followed. 

Thus far we have discussed crossbreeding largely as it applies to 
crossing hogs of the same general type for the purpose of utilizing 
heterosis, or hybrid vigor. Hog breeds do differ in various qualities of 
economic importance. These differences are often particularly marked 
2 Ohio Agricultural Experiment Station Bulletin 675, 1948. 
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between bacon and lard breeds, with the former usually having a 
superiority in terms of litter size raised and the latter in rate of growth. 

Crosses of lard-breed boars on sows of bacon breeds are often made 
for the purpose of taking advantage of the best qualities of each type. 
The results shown in Table 24 of work conducted a number of years 
ago at the Miles City (Montana) Station by the Bureau of Animal 
Industry illustrate the possibilities. The Yorkshire dams, on the aver- 
age, raised more pigs per litter than the Chester Whites, while the 
pure Chester Whites had faster growth rates than the Yorkshires. 
Crosses of Chester White boars on Yorkshire females gave litters as 
large as the purebred Yorkshires (actually slightly larger) and growth 
rates slightly higher than those of purebred Chester Whites. 


Table 24. A Comparison of Two Types of Purebred Swine and Their Crossbreds * 


Matings 

No. of 
litters 

Pigs 

Birth 

wt. 

No. 

weaned 

Wt. 

70 

days 

_ 

Daily 

gain 

Feed , 

1 00-lb. 
gain 

Purebred Yorkshires. 

38 

10.6 

ESI 

7.6 

m 

1 .21 

• 

375 

Purebred Chester Whites... . 

36 

9.8 

LEJ 

6.6 

EDO 

1.30 


Yorkshire male X Chester 








White female. 

29 

9.9 

2.49 

7.4 

42.7 

1.35 

371 

Chester White male X York¬ 








shire female. 

29 

10.1 

2.42 

8.0 

42.8 

1.33 

370 


* From Iowa Agricultural Experiment Station Bulletin 380, 1939. 


Breeds undoubtedly differ in their crossing ability. A more accurate 
and complete knowledge of their values in this regard awaits more 
experimental work. 


CROSSBREEDING SHEEP 

As was mentioned at the beginning of this chapter, crossbreeding 
has been widely practiced with sheep in the Western states in efforts to 
improve the size and carcass quality of lambs from fine-wool ewe 
flocks. 

Table 25, prepared from California results, is typical of the results 
of such crosses when the lambs are raised under good feed conditions. 
Hampshire and Suffolk rams sired faster-gaining lambs than the 
Shropshires, Southdowns, or Rambouillets, while all the lambs sired 
by Down rams graded higher than those sired by Rambouillets, both 
on foot and in the carcass. Among the Down breeds, Southdown rams 
sired lambs that were outstanding in live and carcass grades. 
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Table 25. Growth and Quality of Lambs from Rambouillet Ewes by Sires of Various 

Breeds* 


{Six-year average 1928—1933) 


Breed of sire 

No. 

lambs 

Av. 

final 

wt. 

Appraised 
value per 
lamb 

Live 
grade 
index t 

Per cent 
lambs 

marketedX 

Carcass 

grade 

index 

Hampshire. 

mm 

xa 

$6.71 

3.76 

86 

3.99 

Suffolk. 


-y?l 

6.51 

3.71 

88 

3.96 

Shropshire. 

mm 

XtS 

6.46 

3.81 

89 

4.16 

Southdown. 

141 

70 

6.00 


93 

4.34 

Rambouillet. 

146 

71 

5.52 

3.08 

70 

3.45 


* Adapted from California Agricultural Experiment Station Bulletin 598, 1935. 

t The live-grade index and carcass-grade index are measures of quality determined 
by assigning an arbitrary value to each grade (Choice 5, Good *4, Medium 3, and 
Common 2) and calculating the average. 

X Only the lambs grading Choice, Good, or Medium were marketed. 

Under sparse range conditions, experiments in Montana and New 
Mexico have shown no appreciable advantage, in cither weight or 
grade, for lambs sired by Down rams over those sired by straight 
Rambouillets. Obviously, under conditions such as these, the producer 
would incur all the disadvantages of crossbreeding with no increase 
in value of product produced. Thus, there would be no reason for 
crossbreeding. 

Under good range conditions, however, the practice of crossbreed¬ 
ing is to be encouraged if market conditions arc such as to make the 
practice a profitable one. This will usually be the case only when range 
conditions are good enough to produce a high percentage of lambs 
that are fat enough for slaughter at weaning. There is, however, a 
good demand for black-faced crossbred lambs as feeders. Crossbred 
ewes, either black-faced (Hampshire or Suffolk X Rambouillet) or 
white-faced (mostly Corriedale, Lincoln, or Columbia X Rambouil¬ 
let), are usually in demand for replacement ewes in areas where condi¬ 
tions are good enough that virtually all lambs can be sold fat. In such 
areas, including the Pacific Northwest, the spring-lamb belt of Ken¬ 
tucky, Tennessee, and West Virginia, and other areas to a lesser ex¬ 
tent, it is usually more profitable to sell fat lambs and buy all replace¬ 
ment ewes. 

Thus, the question of whether a range sheepman should crossbreed 
depends to a large extent on (1) his feed conditions, and (2) the proba¬ 
ble market outlets. 

In the areas with better than average feed conditions where cross- 
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bred ewes are in demand as replacements, sheepmen have a feeling 
that the crossbreds are better lamb producers when bred to Down 
rams than are straight Rambouillets. There is some experimental 
evidence to back this up. 

In the Southern spring-lamb area several experiments have shown 
that Western crossbred ewes shipped in as replacements and bred to 
Down rams are superior as lamb producers to “native” ewes—the 
latter sometimes having been of Down breeding but more often of 
inferior or unimproved stock. Whether this superiority is due to their 
being crossbreds, to their Western raising, or to the general poor qual¬ 
ity of the natives with which they have been compared is unknown. 
More experimental work on this problem is needed. 

All the sheep crossbreeding discussed thus far has been for the pur¬ 
pose of combining or taking advantage of the good qualities of the 
various types regardless of whether or not any heterosis is also involved. 

Little is known regarding the performance of crosses between sheep 
of relatively similar types such as Hampshire X Suffolk, or South- 
down X Shropshire crosses. Where ewe flocks of these breeds are 
used for commercial-lamb production it is usually in small farm flocks 
with the animals being mostly of high-grade or purebred breeding. 
More experimental work will have to be done before any recom¬ 
mendation to crossbreed can be made for such flocks. 

A recent report from the Minnesota Experiment Station indicated 
that crossbred lambs out of Shropshire and Hampshire ewes are con¬ 
siderably more vigorous than purebreds at birth, as judged by per¬ 
centage survival. 


CROSSBREEDING BEEF CATTLE 

As compared to other classes of meat animals, relatively little 
experimental work has been done on crossbreeding between the Here¬ 
ford, Shorthorn, and Angus, the three British breeds of beef cattle 
which predominate in the United States. The experiments that have 
been carried on have yielded conflicting results. 

Workers at the Miles City (Montana) Station compared purebred 
Herefords with animals produced by using Shorthorn, Angus, and 
Hereford bulls in a rotation crossing system starting with Hereford 
cows similar to those used as foundation stocks in the purebreds. 
Results of this work, summarized in Table 26, indicate considerable 
advantage for the animals produced in the crossbreeding program 
particularly in the second and third generations where the calves 
were out of crossbred cows. The crossbred females proved to be excel- 
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lent range cows. They raised a high-percentage calf crop and produced 
heavy calves at weaning. 

This experiment unfortunately included only one of the pure breeds, 
the Hereford. The results are quite conclusive in indicating an average 
superiority for the crossbreds over the particular strain of Herefords 
with which they were compared. It is impossible to state definitely 
whether the favorable results were due to crossbreeding or whether 
the Shorthorn and Angus sires used for crossbreeding were superior. 
Differences between sire progenies in both purebred and crossbred 
groups were observed. Some Hereford sires produced calves superior 
to the average of the crossbreds. 

Table 26. Triple Crossing in Beej Cattle* 


Average of two-years' results in each generation 



1 si generation 

2d generation 

3 d generation 


Cross¬ 

breds 

Pure¬ 

breds 

Cross- ■ 
breds 

Pure¬ 

breds 

Cross¬ 

breds 

Pure¬ 

breds 

No. of steers. 

57 

67 

24 

91 

20 

161 

Birth weight, lb. 

84 

79 

79 

81 

82 

81 

Weaning weight, lb. 

423 

403 

440 

390 

467 

388 

Final weight, lb. 

948 

879 

974 

887 

1,033 

912 

Av. daily gain, lb. 

1.92 

1.75 

2.00 

1.86 

2.32 

2.10 

Gain per 100 lb., T.D.N., lb.. 
Return above feed and market¬ 

18.3 

18.0 

17.4 

18.3 

18.9 

19.0 

ing costs. 

852.87 

850.31 

878.30 

866.00 

8150.13 



• From U.S. Department of Agriculture Circular 810, 1949. 


The results of a recent Ohio test in which purebred Angus and Here¬ 
ford calves were compared with their reciprocal crossbreds by the 
same bulls are summarized in Table 27. 

In this test the particular Angus cows used were better mothers than 
the Herefords as indicated by higher weaning weights of their calves. 
The purebred Hereford calves gained somewhat more rapidly on 
pasture and in the feed lot. Feed-lot gains of the Herefords were more 
efficient. The crossbreds had somewhat higher weaning weights than 
purebreds from the same breed of cow, and they gained as fast but 
less efficiently in the feed lot than the best purebred. Certainly, 
this experiment gives too little evidence of hybrid vigor to be of 
practical importance in crosses between the two breeds studied. Un¬ 
fortunately the performance of the crossbred cows as mothers was not 
tested. 
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For the producer of calves for sale as feeders, crossbreeding has a 
distinct disadvantage not brought out by the figures quoted. Crossbred 
calves are often of mixed colors and their color markings are not typi¬ 
cal of those of any pure beef breed. Thus, crossbreds may appear simi¬ 
lar in color to animals of scrub breeding. It i£ difficult to predict the 
future fattening qualities of feeders from their appearance, and the 
feeder buyer relies to a large extent on the conformance of color mark- 


Table 27. Eight-year Summary of Weights , Gain , Feed Efficiency , and Carcass 
Quality of Purebred Angus , Purebred Hereford and Their 
Reciprocal Crossbred Calves * 



Calves from Angus cows 

Calves from Hereford 
cows 

Purebred 

Angus 

m 

Purebred 

Hereford 

Crossbred 
Angus X 
Hereford 

No. calves dropped. 

101 

94 

104 

102 

No. calves raised to weaning. 

91 

92 

97 

94 

Av. birth wt., lb..,. 

59 

64 

68 

65 

Av weaning wt., lb. at 224 days. 

382 

392 

329 

353 

Av. daily gain on pasture, lb. f. 

0.94 

0.97 

1.08 

1.08 

Feed lot performance 





Av. daily gain, lb. 

1.62 

1.68 

1.66 

1.68 

T.D.N. per 100 lb. gain, lb. 

670 

632 

599 

639 

Slaughter data 





Av. dressing percentage. 

60.3 

60.8 

59.7 

60.3 

Carcass grades 





Choice. 

67 

77 

58 

58 

Good. 

22 

14 

31 

35 

Commercial. 


1 

2 



* Adapted from Ohio Research Bulletin 703, 1951. 
f Pasture data 4 years only. 


ings to those of a beef breed as an indicator of beef quality. He thus 
fears that crossbred calves have dairy or scrub breeding and dis¬ 
criminates against them. This discrimination is often quite serious. In 
Virginia feeder-calf auctions, all calves are graded. In recent years 
crossbreds have consistently sold for S2 to $4 per hundred pounds less 
than purebreds of comparable grade and weight. It thus appears that 
unless a feeder producer can sell directly to a feeder, any advantage of 
crossbreeding can be quickly lost. 

This discrimination does not exist for finished cattle which packers 
buy on the basis of finish, quality, and killing yield. 
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On the basis of the above discussion, it appears that crossbreeding 
among the British breeds produces only a little extra gain in the first 
crosses and is something to be undertaken only after careful study. It 
should be started only if the probable market outlet does not discrimi¬ 
nate against crossbred halves. More experimental work is needed to 
determine the value of crossbred cows as mothers. 

Much crossbreeding of beef cattle is done to combine the good 
qualities of two breeds. Some of this involves crosses of two British 
breeds. For example, producers of commercial cattle with grade 
Hereford herds may feel that Shorthorns are better milkers and there¬ 
fore introduce some Shorthorn blood into their herds. Such crosses 
should be made only if it is reasonably certain that an advantage 
would follow. 

The most extensive crossbreeding of this type, however, is done in 
the Southern states, particularly in the Gulf Coast areas, using the 
Brahman in crosses with the British breeds. 

Whether due to lack of ability to tolerate heat, to lack of insect 
resistance, or to a lack of ability to subsist on sparse forage, the British 
breeds often do not perform satisfactorily in these areas. The humped 
zebu type of cattle from India, commonly known as the Brahman in 
this country, introduce hereditary factors that give their crossbreds 
the ability to withstand such conditions. Little experimental data are 
available on the performance of the pure Brahman itself, but it proba¬ 
bly lacks carcass quality and may not be outstanding in growth rate. 
Thus, crosses between these types get vigor and hardihood from the 
Brahman and beef characters from the British types. The crossbreds 
seem to exhibit marked heterosis in the few trials in which they have 
been compared with both pure breeds. 

In most experiments Brahman crossbreds have been compared only 
with grades, purebreds, or crossbreds of British breeding. Table 28 
gives a summary of most known experimental results. Brahman cross¬ 
breds have consistently been bigger at birth, heavier at weaning, and 
have had higher dressing percentages at slaughter. They have been 
somewhat inferior as feed-lot animals, on the average, and at a year or 
more of age after a period in the feed lot have been slightly inferior 
as slaughter animals. 

It would be expected that the characters introduced by the Brah¬ 
man would be of greater importance for a brood cow than for the first- 
cross calves themselves. This appears to be definitely the case. A sum¬ 
mary of data from four experiments where the Brahman X British 
type of females have been compared with the British type of cows 
shows an average advantage of 81 lb. in weaning weight for the calves 
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l ICjI RI. 102. (Above) An outstandiii!* Brahman hull: (in/au) a fat 
w hose sire was a Brahman and whose dam was a Hereford. ((.'our/,s\ A 
lirerdtts Auoaation) 


crossbred sieer 
I nu ; i< an Brahman 
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of the crossbred cows. First-cross cows with H Brahman blood have 
been superior to y± Brahman cows, the latter being superior to 
British types. 

The foregoing brief summary of existing experimental data is 
buttressed by a wealth of observation indicating that for the extreme 
South the use of Brahman blood gives higher productivity than 
presently existing British types. This advantage is particularly marked 
in the performance of crossbred cows. Observation also indicates that 
animals with Brahman blood quite commonly have certain disad¬ 
vantages, the principal one of which seems to be their dispositions. 
On the average there can be little doubt that they are harder to handle 
than British types. This can largely be taken care of by adequate 
equipment. In the future Brahman breeders will doubtless be able 
to breed more docile strains. 

The commercial cattleman is faced with the problem of how best to 
make use of Brahman blood if he wants to use it. Unfortunately, no 
one answer can be given to this problem. Much research is still needed. 
At present much of the use being made of Brahman blood is on a hit- 
or-miss basis that leads quickly to mongrclization. Some producers 
merely run a certain proportion of Brahman and British types of bulls 
with their mixed cow herds. On the average the percentage of Brah¬ 
man blood will reach the desired level with this system, but individual 
animals will vary greatly and such herds arc extremely variable in 
type. A program similar in its effects is to use Brahman and British 
types of bulls more or less at random according to whether the pro¬ 
ducer thinks he needs one type of blood or the other. 

Many crossbred Brahman X British type of bulls arc in use. This 
practice, if continued, will result in herds of about one-half Brahman 
blood. Little experimental evidence is available regarding the pro¬ 
ductivity which can be expected from this practice. 

The newer strains or breeds containing Brahman blood are being 
used widely. If further results show that their productivity approaches 
that of the actual crossbreds, their use will undoubtedly increase. 

On many Southern farms and ranches, rather systematic crisscross¬ 
ing programs using Brahman and British types of bulls alternately arc 
being followed. As seen in the material on crossbreeding hogs, this 
system soon results in animals varying from about one-third to about 
t\vo-thirds of the blood of the two breeds being used. 

All female replacements can be saved from the herd. The range in 
Brahman blood is rather great, but within the satisfactory range for 
good cow performance. 
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On other ranches the following system is being used: 

1. On their poorer pastures they raise grade Brahmans, selling the 
steer calves for slaughter either at weaning or off grass without much 
feed; 

2. Heifers from the grade Brahman herd are put on better pastures 
and bred to the British type of bulls to produce cattle to be finished in 
the feed lot before marketing; 

3. Sometimes the one-half Brahman heifers from this group are 
backcrossed to British-type bulls to get higher-grading feeder calves. 


Table 28. Comparative Performance of British Type and Braham X British-type 
Crossbreds with All Calves Out of British-type Cows 
(Summary of known experimental data) 


Character 

No. of 

No. of calves 

Av. advantage ( + ) 
or disadvantage ( —) 
for crossbreds 

experiments 



Birth weight, lb. 

6 

450 

662 

+ 6.4 

Weaning*wcight, lb.*. 

9 

625 

809 

+ 28.1 

Daily gain in feed lot, lb.. .. 

5 

370 

453 

-0.07 

Dressing percentage 

Slaughter calves. 

3 

165 

106 

+ 1.0 per ccntf 

Fed steers. 

6 

317 

363 

+ 2.7 per ccntf 


* Considerable variation from experiment to experiment in weaning age; mostly 
six to eight months. 

t Carcass grades also obtained in these experiments, but different grading systems 
were used, making summary difficult; carcass grades of slaughter calves virtually 
equal; very slight advantage for British types in fed steers. 

The two foregoing systems or variations of them are suitable for 
large operations and on the basis of the present state of knowledge are 
to be recommended for them. Such systems are unsuitable for the 
smaller operator with 20 to 30 cows—in other words the man with a 
one-bull herd. It is impossible for him to follow a systematic cross¬ 
breeding program without keeping more bulls than he would other¬ 
wise need. 

The small operator who desires to use Brahman blood is therefore 
probably best advised to use either one of the new breeds or cross¬ 
bred bulls. Either procedure will result in a more uniform herd than 
the indiscriminate use of bulls of first one type then the other. An 
alternative for him, if a satisfactory source of supply is at hand and 
if proper disease control measures are taken, is to buy crossbred 
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replacement females, breed them to British-type bulls and market 
all the resulting calves. 

In spite of the average superiority of animals with Brahman blood, 
many breeders are successfully raising purebred or grade British 
types in the deep South. Where adequate feed supplies are available 
production is quite satisfactory. Many small operators could well 
consider the use of a British breed to eliminate the problems involved 
in crossbreeding. If more purebred herds of these breeds were located 
in these areas and selection practiced for ability to perform, much 
progress might be possible in developing adapted strains. 


CROSSBREEDING DAIRY CATTLE 

Less experimental work has been done on crossbreeding dairy 
cattle than with any other class of farm animal except horses. Earlier 
European work involving crosses between the Jersey and Red Danish 
breeds failed to demonstrate any superiority for the crossbreds. 

Crossbreeding work with dairy cattle has been in progress at Bclts- 
ville, Maryland, by the Bureau of Dairy Industry, U.S. Department 
of Agriculture, since 1939, using Holstcins, Jerseys, Guernseys, and 
Red Danes. Unfortunately, production data on the parental stocks 
were limited, the purebred offspring of the sires used not having been 
tested under the same conditions as the crossbreds. This makes evalua¬ 
tion of the results difficult. Two- and three-breed crossbred cows have 
produced very well, but it is uncertain whether this depends upon the 
excellence of the stocks used or upon heterosis due to crossbreeding. 

If future work should demonstrate that crossbreeding docs give a 
boost to production, the general availability of semen from bulls of 
several dairy breeds in artificial insemination associations would make 
the use of a systematic crisscrossing or rotational crossing program a 
simple matter for the commercial dairyman. With the increasing 
inclusion of beef bulls in artificial insemination programs this may also 
soon be true for the small commercial-beef cattleman. 

CROSSING INBRED LINES FOR COMMERCIAL PRODUCTION 

The hybrid corn used commercially is produced by crossing highly 
inbred lines. Where adapted hybrids are available, they have usually 
considerably outyielded the best varieties produced by older breeding 
methods. This superiority depends upon heterosis, or hybrid vigor. 

As we have seen, most breeds of farm animals are slightly inbred, 
they differ somewhat from each other genetically, and crosses between 
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them usually show a small to moderate amount of hybrid vigor. This 
leads to the supposition that crosses between highly inbred lines 
might exceed the performance of presently existing types. 

Before such a hypothesis could be tried it was necessary to develop 
inbred lines. This is a much more difficult task with farm animals 
than with corn or other plants for the reasons that (1) self-fertilization 
is impossible with animals, thus making it take more than twice as 
many generations to develop the same degree of inbreeding in animals 
as compared to plants, (2) the expense of developing an inbred line 
of animals is tremendously higher, and (3) because of the expense, 
fewer lines can be developed, thus lessening the amount of culling of 
possible lines. 

In spite of these difficulties, inbred lines of all our farm animals are 
being developed. Lines of hogs developed by the Regional Swine 
Breeding Laboratory, although as yet only 40 to 60 per cent inbred 
in most cases, arc further along and are the only ones tested in crosses 
to any extent to date. We will therefore limit our discussion largely 
to them. 

As noted in the chapter on inbreeding, average productivity has 
tended downward in the lines. This makes it likely that inbred lines, 
if they have a place in swine breeding, will be used either as a source 
of germ plasm to improve pure breeds or in crosses for commercial 
use. We will limit our discussion to the latter. 

Numerous reports have shown that crosses between inbred lines 
exceed the average production of the parent inbred lines, thus showing 
the existence of a considerable amount of hybrid vigor. Inbred lines 
vary in their value for crossing, some being good and others mediocre. 
This is what we would expect from our discussion of the effects of 
inbreeding. 

Most of the line crosses have thus far been made on a test basis and 
have been directly compared only with the parent lines and with each 
other. In many cases, especially when line-cross females have been 
used as mothers, the level of productivity has been high. Since gen¬ 
erally no hogs produced by conventional breeding methods were kept 
under the same experimental conditions, no direct comparisons are 
available to tell whether the line crosses were better than existing 
types. A few experiments have included conventional types, but these 
few experiments will not give a final answer as to whether hogs pro¬ 
duced by crossing inbred lines are more productive than outbreds 
produced by conventional methods. This is true because outbreds 
vary so much that it is impossible to know if a representative sample 
of the best outbreds has been used for comparison. 




FIGURE 103. {Above) A group of Chester White gilts of the inbred White King line; 
{below) a group of line-cross gilts produced by breeding White King gilts to boars of an 
inbred line developed from a Duroc-Danish Landroc foundation. {Courtesy Purdue 
University , Agricultural Experiment Station) 

to outbreds. This was due entirely to smaller litters, the inbred mothers 
of the two-line crosses not raising as many pigs per litter as the out- 
bred sows. Three-line crosses were produced by breeding sows, that 
were themselves the result of crossing two lines, to boars of a third 
line. In litters of this type 39 per cent more pigs were raised to 180 
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At the Oklahoma Experiment Station rather extensive comparisons 
have been made of inbreds, two-line crosses, three-line crosses, and 
outbreds all within the Duroc breed. In these comparisons two-line 
crosses were slightly inferior in total litter weight at 180 days of age 
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days of age, and in total weight the litters were 44 per cent or nearly 
350 lb heavier than outbreds. Most of this advantage resulted from 
the larger number of pigs raised per litter by the line-cross mothers 

of the three-line-cross pigs. .... . 

At the Ohio Experiment Station somewhat similar tests, also 
within the Duroc breed, have been made. The results as shown in 
Table 29 indicate an advantage of 212 lb., or slightly over 15 per 
cent, in 180-day litter weight for litters produced by crossing three 
inbred lines in rotation, as compared to outbred litters. This advantage 
was mostly the result of faster gains and thus differs from the Okla¬ 
homa results. The pigs from two-line crosses grew as well as the rota¬ 
tional-cross litters, but fewer pigs were raised per litter. 


Table 29. Crossing Inbred Lines of Duroc Swine * 



Inbred line 
X 

same inbred 
line 

Inbred line 

X 

different 
inbred line 

Rotation 

line 

cross 

Outbred 

No. litters 

4 

14 

35 

15 


30 

41 

51 

28 

Av. no. pigs per litter 

9.2 

9.0 

10.6 

10.2 

180 davs of ace, .. 

4.8 

6.6 

8.0 

7.8 

Wt. at 180 days of age 

157 

205 

203 

182 

Prr littrr lb. 

752 

1359 

1625 

1413 

Performance on feeding test 

Av davs of ace at start. 

66 

64 

64 

65 

Av. initial wt., lb. 

Av dailv cain. lb.. 

35 

1.18 

41 

1 .44 

41 

1 .43 

41 

1.31 

Feed per cwt. gain, lb. 

388 

380 

373 

377 


* Courtesy of VV. L. Robison, Ohio Agricultural Experiment Station. 


At Purdue University, crosses between two inbred lines produced 
results superior to outbreds (Table 30) especially when line-cross gilts 
were used as mothers. 

These results are far from conclusive, but do indicate promise for 
the use of inbred lines in various cross combinations for commercial 
production. 

Presently it appears that the commercial use of inbred lines, if it 
develops extensively, will center around rotation crossing programs. 
The farmer will use an inbred boar of line A on whatever sows he 
















310 THE ART OF BREEDING 

has when starting the program; their gilts will be bred to a boar of 
line B; their gilts to a line C boar; and then back to line A. 

Other possibilities include plans in which certain breeders specialize 
in the production of line-cross gilts for sale to commercial hog men 
I hey in turn will breed them to boars of a third line, market all the 
pigs, and when necessary, purchase more gilts as replacements. 

Table 30 * Comparative Performance of Conventionally Bred Swine and That of 

Crosses between Two Inbred Lines* 

(White King , an inbred Chester White line; the Landroc , a line developed from a 
Landrace X Duroc foundation. Inbreeding 30 to 40 per cent in each line) 



Conven¬ 
tionals 

Crossline 

Backcrosses 

W.K. X 


Landroc 

X W.K. 

W.K. X 
Landroc 

Landroc X 
crossline 

W.K. X 

crossline 

Landroc 

back- 

cross 

Years tested. 

1947-1949 

1947-1949 

21 

1947-1948 

9 

1948-1949 

11 

tnin 


Total no. litters f.j 

30* 

1949 

4 

1949 

4 

Av. no. pigs per litter 







Farrowed. 

8.1 

9.2 

6.8 

11.2 

13.2 

12.0 

Raised to 56 days. . . . 

4.9 

6.5 

4.1 

7.6 

6.5 

8.5 

8 0 

Raised to 154 days. . . 

4.8 

6.3 

4.1 

7.6 

6.1 

Av. wt. per litter, lb. 

At 56 days of age.j 

167 

263 

153 

274 

226 

355 

At 154 days of age. . . . J 

877 

1288 

854 

1405 

1016 

1542 

Slaughter data 

No. pigs slaughtered. .! 

68 

~53 


28 

14 

15 

Av. live wt., lb.! 

215 

218 


215 

215 

216 

Av. dressing per cent. . 

69.1 

68 

.6 

69.1 

70.1 

69.3 

Av. yield of live primal 
cuts as per cent of 






live wt. 

43.8 

43.9 

44.0 

44 8 

45.0 


* Adapted from Purdue University, Agricultural Experiment Station Bulletin 552, 1950. 

t All litters from gilts. 

t Included litters as follows: 12 Duroc; 6 Chester White; 7 crossbred Duroc X Chester 
White; and 5 crossbred Poland China X Chester White. 

Many problems are involved in the commercial application of 
either plan. The most serious is the uncertain breeding behavior of 
many inbred boars. To get around this, experimental work is being 
done on the use of line-cross boars. Some concerns are apparently 
selling such boars for commercial use. 

Although the use of inbred lines in crosses for commercial produc¬ 
tion must be considered as still in experimental stages, a number of 
large companies are already producing boars for sale to farmers. 
Some of these companies operate with an open book so far as pedi¬ 
grees of the animals they sell are concerned. Others sell animals 
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(which they often call hybrid) on a closed pedigree basis, considering 
the parentage a trade secret. Farmer buyers merely buy a boar and 
trust the salesman to deliver a type that will cross well with his sows. 
It is reported that one company operating on this basis sold in excess 
of 3,500 boars in Illinois and Iowa in 1950. 

The degree to which the use of inbreds and their crosses increases 
in the future will be interesting to watch. The development of this 
practice will depend upon (1) the degree of superiority which such 
animals have over conventionally bred types, and (2) the price at 
which breeding stock of desirable lines and crosses can be produced 
and sold. If successful with hogs, it will undoubtedly spread to other 
classes of livestock. Due to the slower rate of reproduction, its com¬ 
mercial application is probably many years away in cattle and sheep. 

The production of inbred lines is a long and expensive process, 
and the determination of their usefulness requires much experimenta¬ 
tion. Thus, only persons or firms with adequate financial resources, 
a clear understanding of the problems involved, and access to compe¬ 
tent technical help should consider entering the business of producing 
and selling inbred lines or their crosses. 

This business may develop more rapidly than can now be predicted. 
Each individual livestock producer should therefore keep abreast of 
current recommendations of his state experiment station regarding 
the use of inbred animals in crosses. 


SUMMARY 

Crossbreeding for commercial production in the majority of cases 
results in some hybrid vigor which increases productivity. It also pro¬ 
vides a method for combining the good qualities of two breeds where 
neither is itself perfectly adapted. Crossbreeding has several disad¬ 
vantages, centering principally around the production of replacement 
females and the following of a definite program rather than a hit- 
or-miss (mongrelization) process. The use of inbred lines in crosses for 
commercial production is a promising method for the future, but it 
must be regarded presently as in experimental stages. 

QUESTIONS 

1. Define crossbreeding. 

2. In what class of farm animal has crossbreeding been most extensively 
practiced? Why do you think this has occurred? 

3. What do we mean by the terms crisscrossing and rotational crossing? 
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4. 

5. 

6 . 


In what characters can swine exhibit hybrid vigor? 

Should crossbred sows ever be kept to raise pigs? Why or why not? 
What advantages would you expect to get from crossing lard-type 
boars on sows of a bacon breed? 


7. Why has the Western sheepman done so much crossbreeding? 

8. Do you believe crossbreeding of beef cattle would be a profitable prac¬ 
tice on your home farm? Why or why not? 

9. Why arc cattle of the Brahman type used for crossbreeding in the South- 
ern states? 


10. Outline briefly the present state of our knowledge regarding crossbreed- 
ing in dairy cattle. 


11. What practical difficulties are involved in the development and use of 
inbred lines of animals in crosses for commercial production? 

12. In what class of farm animal are crosses of inbred lines now being used 
to a certain extent? 



Chapter 21 


GENERAL PRINCIPLES 
OF SELECTION 


Variation, the Basis for Selection 
Selection Changes Gene 
Frequencies 

Individuality and Selection 
Progeny and Selection 
Fertility and Health in Selection 
The Show Ring and Selection 


In each generation of animals in his herd or flock, the breeder must 
select those to be saved for breeding from those to be used for other 
purposes. Perhaps he will also select animals from other herds for use 
as breeders in his. These arc the most important things he does. 

In either case he is selecting the animals that will be parents of the 
next generation. Since these selected individuals can transmit to their 
offspring only sample halves of the genes they themselves have, the 
accuracy with which the breeder picks those animals carrying the 
best genes determines once and for all the possible quality of the next 
generation. Selection has been aptly called the keystone of the arch in 
animal breeding. 

A breeder’s ultimate success depends first upon his skill in making 
selections and second upon the way in which the selected individuals 
are mated, that is, whether related or unrelated individuals are mated, 
whether individuals particularly strong in one regard are mated to 
others weak in it, and so on. These last points have to do with breeding 
systems—a subject which has been considered in earlier chapters. It 
will be recognized immediately, however, that selection and systems 
of breeding are so closely bound together that there is no likelihood 
of our being able to separate them. 

Selection is not an invention of modern man. It has been going on in 
nature since life first existed in the world. In nature the animals best 
adapted to their environment survived and produced the largest 
number of offspring. This natural selection , or survival of the fittest , acting 
upon the variations produced by mutation and recombinations of 
genetic factors, eliminated the unsuccessful genetic combinations and 
allowed nature’s successful genetic experiments to multiply. Selection 
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by man is merely the substitution of new standards-related to an 
animal s ability to serve human needs—for the old one of ability to 
survive and reproduce in nature. y 

Man’s selection, even in the absence of genetic knowledge, has 
een highly effective, as can be seen readily by contrasting: the wild 
boar and the champion modern barrow; a Texas Longhorn and a 
prime beef of today; Przhevalski’s horse and a modern Percheron- 
and a primitive cow and a modern dairy queen. Our task today is 
to apply our knowledge of the processes of heredity to selection and 
breeding systems in order to produce further improvement. 


VARIATION, THE BASIS FOR SELECTION 

As has been indicated in earlier chapters, animals are never exactly 
alike. Variation is often discouraging to the breeder because of the 
difficulty of producing animals that are uniformly good. However 
we should never forget that variation is what makes animal improve¬ 
ment possible. If all animals were exactly alike there would be none 
better than another and selection of breeding animals capable of 
bringing about improvement would be impossible. 

Many economically important variations in farm animals arc under 
the control of only one pair or a few pairs of genes. Some of these 
have been discussed in connection with abnormalities. Color of hair 
and presence or absence of horns arc other characteristics of this 
kind. We shall use some of these things to illustrate some principles 
of selection. From a practical standpoint, however, they pose less 
difficult problems than other characters. An animal either has horns 
or is polled, he is of a certain color, and either he has or doesn’t have 
an abnormality. In other words, in these simply inherited things ani¬ 
mals belong to one group or another and there is little possibility of 
mistaking one for the other. 

On the other hand, most characters of importance in farm animals 
such as type, growth rates, milk production, and litter size behave 
as continuous variables. This means that various animals in a group arc 
likely to be distributed over quite a range with no really separate or 
distinct classes. 

This type of distribution is well illustrated by the weights of the 
fleeces (see Table 31) from the Columbia ewe flock shown by the 
State College of Washington a few years ago. 

Variation of this type is due to two possible factors: (1) differences 
in hereditary materials, or (2) differences in the environment of the 
animals concerned. The portion of this type of variability dependent 
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Table 31. Distribution of Fleece Weights 
Fleece Weight , No. of Fleeces in 

Lb, Each Weight Class 

8.0-9.0 1 

9.1-10.0 1 

10 . 1-110 10 

11 . 1 - 12.0 16 

12.1- 13.0 27 

13.1- 14.0 10 

14.1- 15.0 6 

15.1- 16.0 5 



16.1-17.0 1 

* Average for 77 fleeces was 12.8 lb. 

upon heredity is usually under the control of several pairs of genes, so 
that we can seldom observe the effects of a single gene pair. By sta¬ 
tistical methods it is possible to determine the percentage of the varia- 


FIGURE 104. How level of feeding alfccts the appearance of beef cattle. These three 
Angus heifers by the same sire, were each about 18 months of age when the picture 
>vas taken, and at 4 months of age were very similar in appearance. From 4 to 18 
months of age the heifer on the left had a nurse cow plus a full feed of grain; the 
center heifer had her mother's milk to a normal weaning age plus a full feed of grain 


thereafter; while the heifer on the right had her mother’s milk to weaning and there¬ 
after was raised principally on hay and pasture. (Courtesy Dr. //. J. Smith, 1 nines see 


Agricultural Experiment Station) 


tion due to heredity and that due to environmental differences. This 
is spoken of as the heritabilily. 

Obviously, a high hcritability makes selection more effective, for in 
selecting the best individuals the breeder selects those with the best 
genotypes. On the other hand, a low hcritability means that in many 
cases the apparently best animals will be best because of good feeding, 
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after weaning litters. The gilt above 
below has been limited to 70 per cent. 
Agricultural Experiment Station) 

or management. or both. Selecting them for breeding will not im¬ 
prove the next generation. 

I he problem ol variation due to environment is one of the most 
important lacing the animal breeder. 


SELECTION CHANGES FREQUENCIES OF GENES 

Genetically, selection is ef Fee live through its ability to change the 
relative frequency of desirable and undesirable genes in a population. 
I his can be illustrated by a few simple hypothetical examples. 
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In Shorthorn cattle, hair color behaves in inheritance as if a 
single pair of factors were involved with RR = red; Rr = roan; and 
rr = white. Let’s assume that Shorthorn cattle in the United States 
are now about 64 per cent red, 32 per cent roan, and 4 per cent 
white 1 Assume further that all breeders should suddenly decide that 
they wanted a white breed. How could they get it, and what would be 
the genetic effect of selection for white? . , 

Genes occur in pairs in individuals. Thus if we took 100 individuals 
of the various colors in the percentages given above there would be 
200 color genes. Of these 200 color genes 160, or 80 per cent, would be 
gene R and 40, or 20 per cent, would be r. This follows from the fact 
that each of the 64 red individuals have two R genes and each of the 
32 roan individuals has one/?, thus giving 2 X 64 = 128 + 32 = 160. 
Similarly, each white individual has two r genes and each roan am- 
nal has one r, thus giving 2X4 = 84- 32 = 40. 

In this case we would say that the frequency of R is 0.8 and that of 
r is 0.2, merely meaning that 80 per cent and 20 per cent, respectively, 
of this pair of factors in this population are R and r. 

If the predominant choice suddenly became white and all breeders 
disregarded all other characters and selected for this one thing, a very 
rapid change (in terms of generations which average 4 V 2 to 5 years 
in beef cattle) could be made. First, there would probably be just 
about enough white bulls to go around. Thus, all selected bulls would 
be white, with all reds and roans being discarded as breeders. All 
calves of the next generation would thus get an r gene from their sire, 
thereby ensuring a frequency of at least 0.5, or 50 per cent, for this 
gene in the next generation. 

On the cow side, selection could not be as intense since from 30 to 
40 per cent of all females born must be saved for breeding in beef 
cattle if total population numbers are to be maintained. On the as¬ 
sumption that 40 per cent would have to be saved, breeders would 
save all the whites (4 per cent), all the roans (32 per cent), and would 
be forced to use a few (4 per cent) red cows for breeding. The fre¬ 
quency of the gene for white in these selected cows would thus be 
0.5, since each roan cow carries one R and one r, while we saved an 
equal number of reds and whites each of which carry two of their 
respective genes, R and r. 

Summing up then, in the next generation all calves would get an r 
gene from their sire while half the calves would get an r and half an 
R gene from their dams. Thus, half the calves would be rr (white) 

1 These percentages are purely hypothetical. Actual figures are unknown and may 
differ widely from these. 
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and half R r (roan), and the frequency of R would be 0.25 and that of 
r would be 0.75. The selected individuals in this generation could all 
be white, as would all their calves in the next and all ensuing genera¬ 
ls™’ thus raising the frequency of r to 1.0 and decreasing that of R 

The foregoing example serves to illustrate the process by which 
selection changes gene frequency in a population, but is a simpler case 
than will ever be encountered in practice for the following reasons: 

?• belectlon was for only one trait and it was dependent upon one 
pair of genes. If selection had also been made for high productivity 
(considered here as a composite of type, weight for age, efficiency, and 
so on) and if only one-half the animals of each color had also been 
high producers, selection for color would have been less intense and 
the relative frequency of R and r would have changed much less 
rapidly. In practice many traits must be considered in selection, thus 
lowering the intensity of selection for any one. 

2. The genetic situation in Shorthorn color is one of the simplest 
known, with each of the three genotypes being represented by a dis¬ 
tinct phenotype. In other words, the presence of no gene was masked 
or covered up by dominance or epistatic combinations, thus ensuring 
a perfect correlation between genotype and phenotype. 

3. Coat colors are expressed almost independently of environment. 
In this case we had no environmental effects to confuse us. In genetic 
terms, we would say the trait was 100 per cent heritable. 

Let us now consider a more complex example. In the British breeds 
of cattle, horns behave in inheritance as if governed by a single pair 
of factors, with the gene for polled being dominant since the genotypes 
PP and Pp both result in polled animals while those of genotype pp 
arc horned. Assume that all Hereford cattle arc now a freely inter¬ 
breeding population and that 64 per cent are horned and 36 per cent 
are polled. 2 Assume further that all breeders should suddenly decide 
to ignore all else and strive to develop a polled breed. 

According to the Hardy-Weinberg formula, the proportion of the 
various genotypes in a freely interbreeding population, such as we are 
assuming, will be as shown in Table 32. 

In this case PP and Pp are alike phcnotypically, so that we will have 
to ascertain their relative frequencies by indirect methods. Since we 
arc assuming that 64 per cent, or 0.64, of the population are horned 

7 This assumed frequency of polled and horned is purely hypothetical. Further, 
the example is artificial since polled and horned Herefords do not breed at random 
but within their respective strains, with only a small amount of interchange of breed¬ 
ing stock between them. 
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we know that (1 - qY = 0.64 and, therefore, 1 - q = 0.8 Further, 
if j „ = 0.8 then q must equal 0.2 since (1 - q) + q - 1. Substi¬ 
tuting in the formulas above, it appears that only 0.04 (calculated 
as 0.2 2 ) or 4 per cent, of the population is homozygous for polled. 
Heterozygous polled ( Pp ) individuals make up 32 per cent of the 
population [calculated as 2(0.2)(0.8)]. 


Table 32* 


Phenotype 

Genotype 

Frequency 

Polled 

PP 

PP 

2?(1 - ?) 

7* 

Polled. 

Horned.. 

PP 

(1 - »)' 



* Where q =» frequency of P , and 1 — q * frequency of p. 

Enough polled bulls would be available so that all breeders could 
secure one. However, appearance does not tell the breeder which arc 
pp and which Pp. In the total population only 4 per cent are homo¬ 
zygous polled, although 36 per cent arc phcnotypically polled. Thus, 
only ^6, or of the polled animals on the average would be PP 
while the other % would be Pp , resulting in a gene frequency of P in 
the selected bulls of only 55.5 per cent. 

In the case of cows, all polled individuals (36 per cent of original 
population) would be selected, plus a number of horned cows equal 
to 4 per cent of the original population. The frequency of P in these 
selected cows would be 50 per cent, since on the average only 4 in 
40 would be PP, 32 in 40 would be Pp , and 4 in 40 would be pp. 

In the next generation the frequency of P will be the average of its 

frequency in the two sexes of selected parents, or —— - = 52.75 

per cent. Due to dominance of the favored factor one generation of 
selection has resulted in much less progress than in the previous 
example where the initial frequency of the favored gene was the same. 

Dominance of the favored gene still further slows the rate of progress 
as the frequency increases. This will be apparent if we realize that in a 
population where the frequency of P is below 0.5, a Pp animal will 
transmit P in one-half his germ cells and thus raise the frequency of 
P. In a population where the frequency of P is above 0.5, however, a 
Pp animal would lower the frequency of P. For example, the frequency 
of P will increase from 0.4 to 0.666 in one generation of selection if the 
initial population was 64 per cent polled and 36 per cent horned. 
If the initial population was 91 per cent polled and 9 per cent horned, 
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the frequency of P would increase only from 0.70 to 0.769 with one 
generation of selection. As the frequency of the desired dominant 
increases to higher levels, further progress eventually becomes very 
difficult. 

Fortunately, in cases such as the foregoing, pedigree and progeny- 
test information can be used to increase progress. For instance, if we 

Table 33 


Parents 

Phenotype. 

Polled 

Polled 

Genotypes. 

Pp 

Pp 

Gametes. 

P and p 

P and p 

Offspring 

Genotypes. 

PP Pp Pp 

PP 

Phenotype. 

H polled 

W horned 


know that on the average only one of nine polled bulls will be homo¬ 
zygous, a polled bull (both of whose parents were polled) will have a 
probability of at least one in three of being homozygous since the 
mating will be as shown in Table 33 even if both parents were 
heterozygous. 

If one or both the polled parents were homozygous PP , the proba¬ 
bility of selecting a PP individual would be further increased. This is 
an example of how a consideration of information on related animals 
could increase the effectiveness of selection. 

Progeny tests, particularly of sires, could be made at any stage to 
increase the accuracy of selecting individuals homozygous for the 
favored gene, but they become especially useful and even necessary 
when the frequency of the favored gene is high and simple selection 
makes future progress slow. 

This progeny test is carried out simply and consists of breeding a 
prospective polled herd sire to a number of horned females, all of 
which are of the genotype pp. If the sire is homozygous ( PP ) the 
matings can all be represented as PP X pp , with all the offspring 
being Pp and thus polled. If, on the other hand, the prospective sire 
were heterozygous ( Pp ), the matings would be as shown in Table 34. 

On the average, one-half the calves will be horned if the bull is 
heterozygous, but the birth of only one horned calf proves that the 
bull is heterozygous. Since the transmission of the P or p gene from 
the sire to his offspring is entirely a random process, it should be 
recognized that by chance several calves in a row could get P and 
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be polled, thus resulting in a failure to detect the fact that the bull 
was a carrier of p. Table 35 gives the probabilities of this occurring 
when various numbers of calves are raised. 

It will be seen readily that the probability of a failure to detect a 
heterozygous bull is equal to (M) n where n = the number of calves. 
Thus, the number of cows to be bred in such a test would depend 


Table 34 


Parents 

Phenotype. 

Polled 

Horned 

Genotype. 

Pp 

PP 

Gametes. 

P and p 

P 

Offspring 

Genotypes. 

PP 

PP 

Phenotypes. 

H polled 

horned 


No. of Offspring 
1 
2 

3 

4 

5 

6 

7 

8 


Table 35 

Probability That All Calves Would Be 
Pp from Matings of Pp X pp 
1 chance in 2 
4 
8 
16 
32 
64 
128 
256 


upon the assurance the breeder would consider necessary before using 
a sire in his purebred herd. Usually five or six offspring would be 
considered sufficient. 

We have gone into considerable detail with these two examples be¬ 
cause they forcefully illustrate one essential fact, namely, that selection 
is a process for changing the frequencies of “good” and “bad” genes. 
The first example represented the simplest possible conditions, while 
the complicating factor of dominance made selection somewhat more 
difficult in the second example. Essentially this difficulty arose because 
both PP and Pp individuals are polled. Phenotype and genotype are 
thus not perfectly correlated, a fact that makes selection difficult when 
the dominant gene is the favored one. Dominance will also make selec¬ 
tion for a recessive difficult if the recessive gene is rare, but will make 
selection easier if the recessive gene is already fairly frequent when 
selection for it begins. 
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The use of information about parents and other close relatives 
(commonly called pedigree selection) and the progeny test were shown 
to be capable of increasing the effectiveness of selection in this simple 
case. 

The reader will readily see that epistasis would still further com¬ 
plicate the accuracy of selection. 4 

As we pointed out earlier, simple cases such as the foregoing serve 
admirably as illustrations of underlying principles, and such inherited 
conditions are often important to the breeder. However, character¬ 
istics of economic importance such as prolificacy, growth rates, con¬ 
formation, and milk or wool production are under the control of 
many pairs of genes. In such cases we can seldom detect the effects 
of individual genes, but rather wc must think in terms of the average 
genetic effects of selection. 

Another, and probably the most important, complicating factor in 
selection is the fact that differences in management, nutrition, and 
state of health have tremendous effects on such characters. These 
things all reduce the correlation between genotype and phenotype. 
Selection is thus made difficult since the best performing animals may 
be best because of a very favorable environment, rather than because 
of having good heredity. 

By use of statistical methods, a detailed discussion of which is 
beyond the scope of this book, involving basically the determination 
of how much more related animals resemble each other than do non- 
related ones, it is possible to estimate what proportion of the variation 
is due to heredity and what portion to environmental influences. The 
percentage attributable to heredity is commonly spoken of as the 
heritability. This figure includes primarily the effects of genes that are 
additive in their action; for example, a gene has a given effect regard¬ 
less of other genes present. As an example, in our Shorthorn cattle 
illustration the substitution of an R gene for an r one results in more 
red hair in the coat regardless of whether the substitution is in an rr 
or an Rr animal. Genes with this type of action are the ones for which 
phenotypic selection will be most effective, since the effects of a gene 
are never covered up by a dominant allele. 

Heritability estimates include small portions of the dominance and 
epistatic effects of genes, but the major portion of these are lumped 
with the environmental portion. Heritability estimates are thus 
underestimates of the total influence of hereditary factors. Actually 
they are estimates of the probable effectiveness of selection. 

As a concrete example we might take growth rate in pigs. Weight 
at six months of age is about 30 per cent heritable. If, from a popula- 
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tion averaging 180 lb. at six months, we were able to select Ceding 
stock for parents of the next generation that averaged 1 lb., 
would have made a 15-lb. selection differential. Due to the fact that 
much of the superiority of the selected individuals depends upon 
chance environment we would not expect to recover all the selection 
differential in the next generation, but rather only the percentage ol 
it which is hereditary. Thirty per cent of 15 is 4.5 lb., the amount by 
which we would expect the pigs of the next generation to exceed those 
of the current one at six months of age. 

The degree of heritability depends upon many factors. Increasing 
genetic purity reduces genetic variation and so will decrease herit¬ 
ability estimates. Conversely, a decrease in variation of environmental 
origin will lead to higher heritability estimates. This points out the 
necessity of maintaining as uniform conditions of feeding, manage¬ 
ment, and health as possible if breeding operations are to achieve a 
maximum of success. 

Heritabilities of various characters in farm animals are considered 
in later chapters. In general, most important characters are from 15 to 
40 per cent heritable with a few characters, such as growth rate in 
beef cattle, possibly having a greater percentage of the variation 
dependent upon heredity. 

A heritability estimate is really nothing more or less than an esti¬ 
mate of the average correlation between genotype and phenotype. 
A high heritability indicates a high correlation, which in turn means 
that an animal is probably similar genetically and phenotypically. 
Conversely, a low heritability indicates a low correlation and a pos¬ 
sible dissimilarity between genotype and phenotype. The degree of 
heritability has important effects upon the type of selection which will 
be most effective. 


INDIVIDUALITY AND SELECTION 

What an animal is and does is called its phenotype, so that selec¬ 
tion based on individuality can properly be called phenotypic selec¬ 
tion. This has been the most commonly used tool in selection, and to 
it can be ascribed most of the progress that has been made in shaping 
nature’s offerings into more efficient and desirable types. Using our 
present knowledge of the physical basis of inheritance, and thinking 
especially of the two examples considered earlier, we can critically 
evaluate both the advantages and the shortcomings of selection on the 
basis of the individual. 

In cases where the things for which an animal is being selected are 



324 


THE ART OF BREEDING 


expressed in both sexes, the use of individual selection has much to 
recommend it and should always be used even though supplemented 
with family and progeny-test information. In such cases individuality 
is probably the most useful single indicator of the genotype although it 
is generally far from being a perfect one. 

In the first place, information on the individual is the most readily 
available. Such things as body type, growth rate, fleece production, 
and others of similar nature can be evaluated directly from the per¬ 
formance of the animal itself if suitable performance records are being 
kept. Such evaluations (or at least fairly accurate preliminary esti¬ 
mates of them) are usually available by the time initial selection of 
breeding stocks have to be made. Furthermore, an evaluation of the 
individuality of all animals can be made, while obviously only a few 
can be progeny-tested and pedigree information is often incomplete. 

The shortcomings of individual selection stem from the following 
points: 

1. Some characters, such as milk production in cattle and egg pro¬ 
duction in poultry, are expressed only by females. Thus, selection of 
breeding males cannot be based on their own performance. 

2. Performance records for milk and egg production are available 
only after sexual maturity is reached and usually after much selection 
has been done. 

3. In cases where hcritability is low, individuality can be a poor 
indicator of breeding value. 

4. The easy appraisal of individuality often tempts the breeder to 
an overemphasis on this character in selection. This is true even in 
meat animals in which there is a fairly strong relation between appear¬ 
ance and carcass value. It is particularly risky in dairy cattle and 
poultry in which appearance is an extremely poor indicator of the 
ability of a sire to transmit genes for high productivity to his daughters. 

In spite of these shortcomings, individuality certainly must be con¬ 
sidered in selection, to the extent at least that only animals which are 
themselves above average are used for breeding, regardless of the 
merit of near relatives. 

FAMILY AND SELECTION 

In our discussion of family in relation to selection we will consider 
family in its broad sense as including both direct ancestors (pedigree 
information) and collateral relatives such as brothers and sisters. 

Just as we have seen that individuality is far from 100 per cent ac¬ 
curate in predicting the breeding worth of animals, so shall we see 
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that family is not infallible, although under certain circumstances 
information on the productivity of close relatives can supplement t 
available on the animal itself, and thus be a distinct aid in selection. 
The information gained may give important clues to the composition 


of the animal. . , „ . . 

The productivity records of close relatives, including the sire, dam, 

brothers, and sisters, are of value, but those of more distant relatives 
are of little significance. Actually, collateral relatives contribute no 
genes to an animal, but the kind of genes they have is an indication 
of the kind their close relatives have. The sampling nature of inherit¬ 
ance makes it probable that information from animals as distantly 
related as grandparents will add little of value beyond that contrib¬ 
uted by the parents. The same is true for aunts, cousins, and so on. 

The relative emphasis that should be put on family as compared to 
individuality in selection cannot be stated exactly. If selection on one 
basis were effective, the other system would be also. Available evidence 
indicates that a combination of family and individual selection can 
usually be expected to be at least as good as, and usually better than, 
either alone. This is especially true for traits that are low in hent- 
ability. If a trait is low in heritability, the average performance of a 
group of close relatives can be a better indicator of an animal’s 
probable breeding value than his own performance. In selecting young 
animals for traits not expressed until later in life or in only one sex, 
family information is the only type available. There is a great tendency 
for what passes as pedigree and family selection to be misused. Ac¬ 
tually, pedigrees as often used, particularly in meat animals, arc not 
even a group of phenotypes but only a group of names. The value of 
such a pedigree depends entirely upon the knowledge a person has 
of the animals. If little is known about the animals, so-called study of 
such pedigrees probably hurts more than it helps. Many new breeders, 
after reading magazines for a few months, consider themselves experts 
at predicting future breeding worth of young animals after reading 
the names in their pedigrees. 

Dairy cattle pedigrees usually contain information on production. 
This is useful if it includes all available records. Inclusion of only the 
best record of a cow with six records, or the performance of a select 
few of a sire’s daughters can be misleading and may even be worse 
than no records. 

Probably the two greatest dangers of pedigree selection are: 

1. Undue emphasis on remote relatives 

2. Unwarranted favoritism toward the progeny of favored indi¬ 


viduals 
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The history of purebred beef-cattle breeding has been marred by 
numerous instances of unwise pedigree selection on the basis of remote 
relatives or meaningless family names. The Duchess family of Short¬ 
horns is the most notorious example of this. The noted pioneer Short¬ 
horn breeder, Thomas Bates, founded the Duchess family of Short¬ 
horns, the members of which, in their time, were the best of the breed. 
Unfortunately, years after the death of Bates, American breeders 
began placing undue emphasis on the Duchess strain and propagated 
them, irrespective of their individual merit. This craze culminated in 
the famous Mills, New York, sale in 1873 in which 109 head of 
Duchess cattled averaged S3,504, and one cow sold for S40,600. 
Indiscriminate inbreeding and lack of selection made the strain vir¬ 
tually extinct a few years later. 

Family names are used in two senses in animal breeding. Most 
commonly, the family name is traced through the dam (in a few breeds, 
names are traced through the sires) in an unbroken line of females to 
a foundation female who was outstanding enough to have a family 
named for her. Obviously, if the foundation female is very many 
generations back in the pedigree, her genetic superiority has been 
halved so many times that there is not much of it left. Such family 
names have about as much significance as human family names. 
Captain John Smith was probably a great man, but does that make 
all the Smiths great? 

Family names lend themselves readily to speculation. However, 
most breeders will do well to pay attention to individual excellence 
and the excellence of near relatives, rather than to remote relatives 
and genetically insignificant family names. 

Some linebred families are in existence in which there has been line 
breeding to the foundation male or female with the result that the 
family is kept highly related to it. Such families do have genetic sig¬ 
nificance. The Anxiety 4th Herefords constitute probably the best- 
known family of this kind in meat animals. The danger of paying too 
much attention to linebred families is that certain pedigrees, rather 
than real excellence, may become sought after. There would seem to 
be no reason why an “airtight” or “straightbred” Anxiety 4th, tracing 
in every line of its pedigree to Anxiety 4th or North Pole, should be 
considered superior to a better individual with a few lines tracing to 
other bulls. 


PROGENY AND SELECTION 

It has been said that “Individuality tells us what an animal seems 
to be. His pedigree tells us what he ought to be, but his performance 
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as a breeding animal tells us what he is.” The progeny test is an effort 
to find out what the character of an animals’ germ plasm is, that is, 
to find out what the animal really is. The idea of progeny-testing is 
not new, having been advocated 2,000 years ago by the Roman, 
Varro. Robert Bakewell used it in the eighteenth century by letting 
out bulls and rams on an annual basis. He could then later himself 
use those proved to be outstanding transmitters. 

The progeny test finds its greatest usefulness with characteristics 
that can be expressed by only one sex, for example, milk or egg pro¬ 
duction, although there is no reason why it cannot be used to advan¬ 
tage under the proper circumstances to aid in selection for other char¬ 
acters. Like any other selection device it has both advantages and 
limitations. 

The performance of an adequate sample of an animal’s progeny 
under normal environmental conditions will give a truer indication 
of its genotype than will any knowledge of individuality or pedigree. 
Progeny-test information can never be used as the only criterion of 
selection, however, and only rarely can it be given a major role. 

These conclusions are developed on the basis of the following 
considerations: 

1. Progeny-test information will accumulate so slowly on most 
females that, by the time an adequate sample of her progeny has been 
tested, she will have passed her useful life. This docs not mean that 
consideration should not be given a female’s progeny-performance 
record when available, particularly in selecting young males for sires, 
but it does indicate the limitations. 

In the case of the hen, progeny-test information can be obtained 
soon enough to be useful, but even here, selection on the basis of family 
averages is more often used. 

Thus, most female herd replacements in farm animals will have to 
be selected on the basis of individuality and family averages. 

2. Of the total number of males born in a particular herd, or 
breed, only a few can normally be progeny-tested. Some method other 
than the progeny test must be used for this initial selection. 

The selected few can be subject to further selection on the basis of 
progeny-test information. Losses from disease, accident, and sterility 
will already have taken a heavy toll by the time progeny-test informa¬ 
tion is available. Too, a high percentage of a sires’ breeding life will 
have passed by the time he is proved. These considerations lead to the 
conclusion that, in the case of dairy bulls, no more than one-third of 
the sires in use at any one time can be progeny-tested individuals 
with above-average progeny-performance records. 
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3. Waiting for progeny-test information on a sire before he is used 
extensively in the main herd prolongs the generation interval. For 
instance, a dairy bull can be first used at from one to two years of 
age. It will be at least four years from the time he is first used until 
performance records on his daughters are available. If he is not used 
in the main herd in the interim or if none of his sons are saved for use 
as sires until after his proof is available, his sons can hardly be in 
service before he is eight or nine years of age. 

On the other hand, if family selection were used, a sire’s sons might 
be in use by the time he was three or four years of age. If this method of 
selection even approached progeny-test selection in accuracy, enough 
might be gained in a generation interval to make more total progress 
in a given period of time. 

The above discussion is based on the idea of obtaining progeny-test 
information in an auxiliary herd or by limited use in the main breed¬ 
ing herd as a basis for selecting animals for extensive use in the main 
breeding herd. 

A more usual and practical plan is to select young sires on the basis 
of pedigree and family information and individuality, and use them 
more or less extensively even before progeny-performance informa¬ 
tion is available. When this information is gathered, culling can be 
done on the basis of it and the few outstanding sires found can then be 
given an opportunity for extensive use. 

Every breeder of livestock should make use of progeny performance 
in culling both sires and breeding females. 

FERTILITY AND HEALTH IN SELECTION 

Thus far in this chapter we have dealt with the basic genetic factors 
that must be considered in selection. It is appropriate that we also 
consider a few of the more elementary factors which can “make or 
break” the breeder. 

Earlier chapters in this book are devoted to the problems of 
reproduction, fertility, and sterility. Usefulness and profitableness 
depend so largely on the number, as well as quality of offspring, that 
this matter should receive a breeder’s close attention in selection. 
In the purchase of mature breeding animals one should ascertain 
their actual breeding history. If this is questionable or deficient, one 
would in general be much better off not to buy. If the deficiency is 
clue in whole or in part to inherited weakness, no breeder would want 
the animal. If it were due to disease, harm could be done to the herd 
by the immediate spread of the condition. 
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The maintenance of strict health requirements for any breeding 
herd, particularly in purchased animals, cannot be overstressed. 
Doubtless more herds have been utterly ruined by the accidental in¬ 
troduction of disease than by any other cause. 


THE SHOW RING AND SELECTION 

In virtually all livestock shows, animals are placed almost entirely 
upon the basis of their “type” or appearance as the judge evaluates 
it during the few minutes the animals arc in the judging arena. Since 
all farm animals are bred for the production of meat, milk, eggs, or 
fiber, the show-ring procedures of judging animals solely on the basis 
of appearance is based on the assumption that type is highly related 
to productive value. (The extent to which this is true for the various 
classes of farm animals will be taken up in later chapters dealing 
specifically with each class of animal.) In general, however, the rela¬ 
tionship between type and productive value is lower than commonly 
believed. 

The show ring has had a major place in shaping the type of all 
classes of livestock. Since the first American livestock show held in 
Pittsfield, Massachusetts, in 1810, many thousands of animals have 
passed before the judges’ eyes. As now constituted, livestock shows 
have both advantages and disadvantages from the standpoint of live¬ 
stock improvement. 

Among the disadvantages are the following: (1) showyard winnings 
are often only slightly correlated with lifetime productive efficiency; 
(2) in the show ring there is no opportunity to appraise the breeding 
value of the animals except in a very limited manner through the 
“get of sire” and “produce of dam” classes; (3) clever fitting and 
showmanship can bring out strong points and cover up defects and 
weaknesses of various sorts, thus in effect making the show a contest 
between showmen rather than between animals; (4) “fitting” for the 
show ring often demands a great departure from the “natural” 
condition by excessive fattening (often resulting in temporary or 
permanent sterility), by removing a great portion of the wool in 
“blocking,” and so on; (5) some showmen remedy defects by surgical 
means; (6) animals are often kept out of production while being 
fitted for show; (7) commercialized show herds often make extensive 
circuits, thus discouraging and, in effect, preventing local breeders 
from showing; (8) show winnings often create an artificial set of 
values for the offspring of winners regardless of their real merit; 
and (9) the types favored in show rings change from time to time,' 
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often as the result of fads rather than any real merit of the new type. 

It is, however, the most effective medium yet discovered for molding 
breed type, whether in desirable or undesirable directions. This is 
probably its greatest advantage, but it has others, among them: 

(1) It brings breeders together for exchange of ideas and experiences; 

(2) it serves as one of the best advertising mediums for the breed, the 
individual breeder, and possibly for the livestock industry as a whole; 

(3) in a limited way at least it helps in discovering and popularizing 
the better genetic materials in the various breeds. 

The show ring would be of greater service (1) if it did not demand 
overfitting; (2) if more classes would be provided for finished meat 
animals which could be slaughtered for carcass cut-out value deter¬ 
minations; (3) if placings could be made for a combination of produc¬ 
tion records and type; (4) if more judges gave oral reasons for their 
placings; and (5) if more weight would be given to the older breeding 
animals’ actual progeny records in making placings. 

The livestock producer is interested in the type of animal that will 
make him the most money. Whether this is the type that is currently 
winning top honors at our livestock shows needs investigation. In the 
absence of proof that this is the case, the progressive livestock breeder 
would be well advised to base his selections upon something more 
tangible than show-ring winnings. 

SUMMARY 

The term selection means the determination of which animals will be 
used for breeding purposes and thus be the parents of the next gen¬ 
eration in a herd. The accuracy with which selection succeeds in 
picking out the animals with the best genotypes determines the future 
quality of the herd. Selection has its effect through changing the 
frequencies of “good” and “bad” genes. The accuracy with which 
selection of the animals with the best genes can be made depends in 
part upon the type of inheritance. Dominance and epistasis, in gen¬ 
eral, make selection more difficult than if additive gene action is most 
important. Effects of environment upon animals make selections 
difficult. Information on the animal itself, on its relatives, and on its 
progeny, are all useful in making more accurate selections possible. 


QUESTIONS 

1. Explain in your own words why selection is important to breeders. 

2. What is natural selection? 
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3. How does man’s selection differ from natural selection? 

4. What is the genetic effect of selection? 

5. Explain in simple terms why selection for two or more characters at the 
same time reduces the intensity of selection for any one. 

6. Why does dominance reduce the effectiveness of selection when the 
favored gene is fairly frequent? 

7. What is a progeny test? Under what conditions is it most useful? 

8. Give some limitations of the progeny test. 

9. What is heritability? 

10. Why is an individual’s own performance and type valuable in selection? 

11. What does the term family mean to you? 

12. What are some dangers of family selection? 

13. When can information on relatives be useful in selection? 

14. Do you believe the show ring is an effective agency for livestock im¬ 
provement? Why or why not? 

15. A breeder bought a five-year-old bull that proved to be an uncertain 
breeder and in addition infected many of his cows with trichomoniasis. 
What effect will this have on his breeding program? How could this have 
been avoided? 
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Problems in Dairy Cattle Selection 
Selection Goals in Dairy Cattle 
Production and Selection 
Conversion Factors 
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Selecting a Young Bull 
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Artificial Breeding 
Selecting Heifers 
Genetic Worth of a Cow 
The Practical Worth of a Cow 
Dairy Type and Selection 
Other Factors in Selection 
of Dairy Cattle 

You are now equipped with the knowledge of how germ cells are 
produced, what may happen to the hereditary units during their pro¬ 
duction, how systems of breeding influence the genetic content of 
germ cells, and with the basic principles underlying selection. In the 
next several chapters you will learn many of the practical details 
involved in applying the foregoing principles in breeding better live¬ 
stock. We cannot, of course, cover all the multitudinous phases of 
selection. Each choice of males or females, each mating, each herd, 
each breed presents special problems. Only the person on the spot at 
the moment can supply the best answer, make the most nearly correct 
selection, and then only if he understands the basic principles involved 
and has good judgment and a reasonable amount of experience. We 
will first consider selection in dairy cattle. 

PROBLEMS IN DAIRY CATTLE SELECTION 

Dairy cattle are found on about 75 to 80 per cent of the farms in the 
United States, and their products account for about 15 per cent of the 
total farm income. Of the 25 million dairy cattle in the United States, 
only about 5 per cent are purebred and registered, the remainder 
being 80 per cent grades and 15 per cent nondescripts. The average 
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production of all dairy cattle in the United States is estimated to be 
about 5,000 lb. of milk a year. 

In one respect, selection of dairy cattle is somewhat easier than with 
other classes of farm mammals, for a measure of a cow’s producing 
ability in terms of milk and butterfat may be secured over her whole 
productive life. We can thus have tangible evidence of her yearly 
lactation yield as well as that of her female offspring, though such 
actual records are now available on only 4 to 5 per cent of our dairy 
animals. In another respect, dairy-cattle selection is more difficult 
than in other livestock classes, since it is difficult, if not impossible, 
to estimate from the exterior form what the internal functioning will 
yield in terms of milk and butterfat. In this class of livestock, too, the 
male cannot provide evidence of the quality for which the species is 
kept; that is, the bull yields no milk, so that his genetic quality can 
be measured only indirectly. Selection in dairy cattle is further com¬ 
plicated by the fact that breeders desire their animals to show evi¬ 
dence of the approved dairy type in addition to being high and profit¬ 
able producers; the two things are not highly correlated. 

Another obstacle working against the effectiveness of selection in 
dairy cattle is the fact that type and production are only partly 
heritable. For example, Lush, Norton, and Arnold (1941), report 
heritability estimates of 28 per cent for fat and 33 per cent for milk 
based on Iowa D.H.I.A. records. From Holstein H.I.R. data they 
obtained estimates of 25 per cent for fat when based on the first lacta¬ 
tion and 30 per cent when based on the second lactation. Lush and 
Straus (1942) found a value of 17 per cent for heritability of butterfat 
production in dairy cattle. They also cite Ward’s figure of about 25 
per cent as revealed by his study of New Zealand cattle. And likewise, 
in dairy-cattle type, Tyler and Hyatt (1948) report an estimate of 
about 30 per cent for heritability of type ratings in dairy cattle. These 
relatively low estimates of heritability simply mean that most of the 
variation in dairy cattle is caused by the environment. This in turn 
means that individual looks and performance must be augmented by 

Table 36. Case Histories of Breeding from Bureau of Dairy Industry in Terms of 

Yearly Butterfat Averages 



Herd A 

Herd B 

Herd C 

Herd D 

Foundation cows. 

318 

372 

327 

435 

Daughters of 1st sire. 

369 

366 

377 

373 

Daughters of 2d sire. 

408 

363 

421 

336 

Daughters of 3d sire. 

495 

374 

346 

291 
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as many other favorable indications as can be secured from the per¬ 
formance of an animal’s close relatives and its offspring. 

Milk production is a highly elastic affair, easily influenced by many 
environmental happenings as well as by heredity. Some of the diffi¬ 
culties may be envisioned from the data in Table 36, which show 
definite progress in one herd, a relatively static condition in two herds, 
and a definite retrogression in production in the fourth herd. 


SELECTION GOALS IN DAIRY CATTLE 

Breeders of dairy cattle want their herds to exhibit many qualities, 
of which the following is a partial list: production, test, efficiency, per¬ 
sistency, longevity, disease resistance, regularity of breeding, good 
disposition, easy milking, good type, trueness to breed standards, 
and so on. It should be obvious that, with so many things clamoring 
for attention, considerable compromising is bound to ensue. It would 
be difficult enough even if we had easily applied objective measure¬ 
ments for all these wanted things, but for many of them, all we can 
have is an opinion which may be right or wrong and probably is 
variable. Many things in our list can be measured objectively, but 
only over a period of years; yet we must select from many of our cows 
while they are young. Our list of qualities could perhaps be grouped 
under two headings: (1) physiological individuality, which adds up 
to production and reproduction, and (2) physical individuality or 
type. 


PRODUCTION AND SELECTION 

Since dairy cattle are maintained primarily for the purpose of pro¬ 
ducing milk, it is only natural that great importance be attached to 
production in most selection plans for dairy cattle. High production 
is profitable in itself, the “returns over feed cost” moving upward 
with larger yields; also, like good type, it has advertising and sales 
value. A word of caution seems appropriate, however, since if we 
select on the basis of high single-lactation production alone, rather 
than high lifetime production, we may breed into our herds some 
undesirable things. Milk production is really one part of the repro¬ 
ductive process. If we overdo single-lactation production, then repro¬ 
duction may suffer and with it high lifetime production. In the past, 
many cows that were forced to excessively high production and became 
breed champions for production also became sterile in the process. 
Since we do want reasonably high production and also regularity of 
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breeding, longevity, and many other things, we must select for all 
and not just hope that, if we select for and get high production, these 
other good things will be added also. 

The manner in which animal breeding still gropes in the dark 
because of a lack of records of performance may be visualized through 
the fact that in the class where it is easiest to get objective records, 
namely, dairy cattle, only about 4 per cent of cows are tested in 



Bull Index in Pounds of Butterfot 

FIGURE 107. Distribution of Holstein-Fricsian bulls. (From Vol. 15, Holstein- 
Fritsian Red Book ) 

D.H.I.A.; this, together with cows on AR test, probably makes the 
tested total less than 5 per cent. For more rapid progress in animal 
breeding, we badly need more factual data on which to base our 
judgment in selection. 


CONVERSION FACTORS 

The most normal thing would seem to be for a cow to be milked 
twice a day for 305 days, then have a two-month dry period and drop 
a calf at about 12- to 13-month intervals. Most cows produce more 
milk as they develop in age and size up to six or seven years. Most 
cows produce more milk if they are milked three or four times a 
day rather than twice a day. For these reasons we must use age, and 
days or times-milked conversion or standardization factors in order 
to standardize the records of dams and daughters so that they can be 
compared on a fair basis. If a bull's mates had seven-year-old records 
and his daughters out of them had two-year-old records, the bull 
would be at a disadvantage so far as his apparent milk-transmitting 
ability is concerned. If the dams were milked twice a day and the 
daughters three times a day, the bull would have an advantage. 
We don’t want to advantage or disadvantage any bull. What we do 
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want is as true an estimate as we can get of his genetic transmitting 
ability for milk production. To get this we must put all the records 
of both daughters and dams on as comparable a basis as we can. 

Various sets of age and times-milked conversion factors are given 
in Tables 37 to 43. By means of these tables any cow’s production 
can be standardized to two-times milking, to 305 days lactation, and 
to mature age. 


Table 37. General Conversion Factors 


From 

To 

Operation 

365-day record 

305-day basis 

X0.85 

305-day recor4 

365-day basis 

XI.17 

4-times-a-day milking 

3-iimes-a-day milking 

X0.88 

4-times-a-day milking 

2-times-a-day milking 

X0.74 

3-times-a-day milking 

4-times-a-day milking 

XI .13 

3-timcs-a-day milking 

2-times-a-day milking 

X0.83 

2-timcs-a-day milking 

3-timcs-a-day milking 

XI.20 

2-times-a-day milking 

4-timcs-a-day milking 

XI . 35 

2 milkings per day for 305 days 

3 milkings per day for 365 days 


3 milkings per day for 365 days 

2 milkings per day for 305 days 



Table 37 gives some generalized conversion factors. 

Table 38 gives the age conversion factors used by the Bureau of 
Dairy Industry in standardizing dams and daughters’ records in the 
proving of D.H.I.A. sires. 

Table 39 gives a set of factors for converting records containing 
periods of three- or four-times milking to a two-times milking basis. 

Table 40 gives the figures now being used by the Ayrshire breed 
in standardizing its records. 

Table 41 gives the Ayrshire breed figures for computing partial 
records (less than 305 days) to a 305-day basis. These factors are used 
to step up the first five or six incomplete records “in the making’’ to a 
probable 305-day level. This is done only in order to get daughter- 
dam comparisons on a bull earlier than waiting for these first daughters 
of a bull to complete records. The Ayrshire breed does this as a service 
to breeders when five or more daughters have milked for a few months. 
This is called a “preliminary proving” and is designed to give the 
breeder information on which he can base his decision as to whether 
to continue the bull in service or to stop using him. These factors arc 
never used to step up a complete lactation of less than 305 days to the 
305-day level. 

Table 42 gives complete figures for standardizing Holstein records 
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of any description to their twice-a-day milking, 305-day, mature- 
equivalent basis. 

Table 43 gives similar figures for Guernseys and Jerseys. 

Since the fat percentage between breeds and between members 
of the same breed varies, Gaines and Davidson have devised a method 


Table 38. Age-conversion Factors , D.H.I.A. Data , U.S.D.A 


Age, 

years 

Ayrshire , 
Guernsey , 
Jersey 

Brown Swiss 
milking 
Shorthorn 

Holstein 

Mixed average 
of Ayrshire , 
Guernsey , Jersey , 
and Holstein 

1-6 

1.343 

1.718 

1.515 

1.429 

2-0 

1.262 

1.538 

1.377 

1 .319 

2-6 

1.195 

1.400 

1.275 

1.235 

3-0 

1.141 

1.286 

1.203 

1.172 

3-6 

1.099 

1.196 

1.131 

1.115 

4-0 

1.063 

1.136 

1.077 

1.070 

4-6 

1.037 

1.088 

1.035 

1.036 

5-0 

1.020 

1.052 

1.017 

1.018 

5-6 

1.008 

1.028 

1.006 

1.007 

6-0 

1.000 

1.012 

1.000 

1.000 

6-6 

1.000 

1.006 

1.000 

1.000 

7-0 

1.000 

1.000 

1.006 

1.003 

7-6 

1.006 

1.000 

1.012 

1.009 

8-0 

1.012 

1.000 

1.018 

1.015 

8-6 

1.018 

1.000 

1.036 

1.027 

9-0 

1.024 

1.006 

1.054 

1.039 

9-6 

1.035 

1.012 

1.072 

1.053 

10-0 

1.047 

1.030 

1.090 

1.068 

10-6 

1.064 

1.048 

1.114 

1.089 

11-0 

1.082 

1.072 

1.138 

1.110 

11-6 

1.100 

1.096 

1.162 

1.131 

12-0 

1.112 

1.114 

1.192 

1.152 

12-6 

1.124 

1.132 

1.222 

1.173 

13-0 

1.136 

1.144 

1.252 

1.194 

13-6 

1.148 

1.156 

1.282 

1.215 

14-0 

1.160 

1.168 

1.306 

1.233 

14-6 

1.172 

1.174 

1.330 

1.251 

15-0 

1.184 

1.180 

1.348 

1.266 

15-6 

1.193 

1.186 

1.366 

1.279 

16-0 

1.199 

1.192 

1.378 

1.288 


for converting milk of any test to a given standard percentage of Fat 
Corrected Milk (F.C.M.). The standard, most generally used, is that 
of 4 per cent F.C.M. The factors for this are (0.4 X total milk) + 
(15 X total butterfat). 
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Table 39. Factors for Reducing Production Records to a Twice-a-day Milking Basis 


Number of 
• days milked 

Three times 
daily 

Four times 
daily 

5-15 

0.9903 

0.9831 

6-25 

0.9839 

0.9721 

26-35 

0.9776 

0.9614 

36-45 

0.9713 

0.9509 

46-55 

0.9652 

0.9406 

56-55 

0.9591 

0.9306 

66-75 

0.9531 

0.9208 

76-85 

0.9472 

0.9111 

86-95 

0.9414 

0.9017 

96-105 

0.9356 

0.8925 

106-115 

0.9299 

0.8834 

116-125 

0.9242 

0.8746 

126-135 

0.9187 

0.8659 

136-145 

0.9132 

0.8573 

146-155 

0.9077 

0.8490 

156-165 

0.9024 

0.8408 

166-175 

0.8971 

0.8328 

176-185 

0.8918 

0.8249 

186-195 

0.8866 

0.8171 

196-205 

0.8815 

0.8096 

206-215 

0.8764 

0.8021 

216-225 

0.8714 

0.7948 

226-235 

0.8665 

0.7876 

236-245 

0.8616 

0.7806 

246-255 

0.8567 

0.7736 

256-265 

0.8520 

0.7668 

266-275 . 

0.8472 

0.7601 

276-285 

0.8425 

0.7536 

286-295 

0.8379 

0.7471 

296-305 

0.8333 

0.7407 


It would be impossible to determine superiority in feed-energy con¬ 
version between a cow that made 20,000 lb. of 3 per cent milk and 
600 lb. of butterfat and one that made 14,000 lb. of 5 per cent milk 
and 700 lb. of butterfat. Applying the above factors, however, gives 
us (20,000 X 0.4), or 8,000, + (600 X 15), or 9,000, = 17,000 lb. of 
4 per cent F.C.M. for the first animal, and (14,000 X 0.4), or 
5,600, + (700 X 15), or 10,500, = 16,100 lb. of 4 per cent F.C.M. 



340 


THE ART OF BREEDING 


Table 40. Ayrshire Age-conversion Factors 


Age 

Factor 

Age 

Factor 

Age 

Factor 

Age 

Factor 

1-3, 1-4, 1-5 

1.412 

5-6 

1.007 

10-2 

ytgj 

14-0 

1.142 

1-6, 1-7, 1-8 

1.377 

5-7 

1.006 

10-3 


14-1 

1.144 

1-9, 1-10, 1-11 

1.338 

5-8 

1.005 

10-4 


14-2 

1.146 



5-9 

1.004 

10-5 

1.056 

14-3 

1.148 

2-0 

1.294 

5-10 

1.003 

10-6 

1.058 

14-4 

1.150 


1.279 

5-11 

1.002 

10-7 

1.060 

14-5 

1.152 

2"? 

1.264 



10-8 

1.062 

14-6 

1.154 

2-3 

1.250 

6-0 

1.000 

10-9 

1.064 

14-7 

1.156 

2-4 

1.236 

7-0 

1.000 

10-10 

1.066 

14-8 

1.158 

2-5 

1.222 

7-1 

1.001 

10-11 

1.068 

14-9 

1.160 

2-6 

1.211 

7-2 

1.002 



14-10 

1.162 

2-7 

1.199 

7-3 

1.003 

11-0 

1.070 

14-11 

1.164 

2-8 

1.188 

7-4 

1.004 

11-1 

1.072 



2-9 

1.176 

7-5 

1.005 

11-2 

1.074 

15-0 

1.167 

2-10 

1.167 

7-6 

1.006 

11-3 

1.076 

15-1 

1.170 

2-11 

1.159 

7-7 

1.007 

11-4 

1.078 

15-2 

1.173 



7-8 

1.008 

11-5 

1.080 

15-3 

1.176 

3-0 

1.149 

7-9 

1.009 

11-6 

1.082 

15-4 

1.179 

3-1 

1.142 

7-10 

1.010 

11-7 

1.084 

15-5 

1.182 

3-2 

1.135 

7-11 

1.011 

11-8 

1.086 

15-6 

1.185 

3-3 

1.127 



11-9 

1.088 

15-7 

1.188 

3-4 

1.119 

8-0 

1.012 

11-10 

1.090 

15-8 

1.191 

3-5 

1.111 

8-1 

1.013 

11-11 

1.092 

15-9 

1.194 

3-6 

1.103 

8-2 

1.014 



15-10 

1.197 

3-7 

1.095 

8-3 

1.015 

12-0 

1.094 

15-11 

1.200 

3-8 

1.089 

8-4 

1.016 

12-1 

1.096 



3-9 

1.082 

8-5 

1.017 

12-2 

1.098 

16-0 

1.203 

3-10 

1.076 

8-6 

1.018 

12-3 

1.100 



3-11 

1.071 

8-7 

1.019 

12-4 

1.102 





8-8 

1.020 

12-5 

1.104 



4-0 

1.064 

8-9 

1.021 

12-6 

1.106 



4-1 

1.059 

8-10 

1.022 

12-7 

1.108 



4-2 

1.054 

8-11 

1.023 

12-8 

1.110 



4-3 

1.049 



12-9 

1.112 



4-4 

1.045 

9-0 

1.024 

12-10 

1.114 



4-5 

1.041 

9-1 

1.025 

12-11 

1.116 



4-6 

1.036 


1.026 





4-7 

1.033 


1.028 

13-0 

1.118 



4-8 

1.031 

9-4 

1.030 

13-1 

1.120 



4-9 

1.028 

9-5 

1.032 

13-2 

1.122 



4-10 

1.026 

9-6 

1.034 

13-3 

1.124 



4-11 

1.024 

9-7 

1.036 

13-4 

1.126 





9-8 

1.038 

13-5 

1.128 



5-0 

1.020 

9-9 

1.040 

13-6 

1.130 



5-1 

1.018 

9-10 

1.042 

13-7 

1.132 



5-2 

1 .016 

9-11 

1.044 

13-8 

1.134 



5-3 

1.013 



13-9 

1.136 



5-4 

1.011 

10-0 

1.046 

13-10 

1.138 



5-5 

1.009 

10-1 

1.048 

13-11 

1.140 
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for the second. The first cow transformed more feed energy into milk 
energy than did the second. The figure 17,000 lb. of 4 per cent F.C.M. 
for the first cow means that, in making 20,000 lb. of 3 per cent milk, 
she transformed as much feed energy into milk energy as she would 
have done if she had made 17,000 lb. of 4 per cent milk. 


Table 41. Factors for Computing Incomplete Records to a 305 -day Basis by 5-day 

Periods 


(Ayrshire Data) 


Days 

Factor 

Days 

Factor 

Days 

Factor 

Days 

Factor 

1-7 

38.76 

80 

2.81 

155 

m 

230 

1.19 


29.18 

85 

2.66 

160 

to 

235 

1.17 


16.58 

90 

2.53 

165 

■E3 

240 

1.16 


11.99 

95 

2.41 

170 

1.49 

245 

1.14 


8.00 

100 

2.31 

175 

1.46 

250 

1.13 


6.98 

105 

2.22 

180 

1.43 

255 

1.12 


5.98 

110 

2.12 

185 

1.40 

260 

1.10 

40 

5.31 

115 

2.04 

190 

1.37 

265 


45 

4.74 

120 

1.98 

195 

1.35 

270 

1.07 

50 

4.29 

125 

1.91 

200 

1.32 

275 

1.06 

55 

3.93 

130 

1.85 

205 

1.29 

280 



3.62 

135 

1.80 

210 

1.27 

285 

1.04 

65 

3.37 

140 

1.75 

215 

1.25 

290 

1.03 


3.16 

145 

1.70 

220 

1.23 

295 


75 

2.96 

150 

1.65 

225 

1.21 

300 

1.01 


The breeder in any breed will have cows which vary quite a bit in 
butterfat test. A method is available for converting milk of any test 
to any standard. The procedure is based on the figures for converting 
to 4-per cent F.C.M., namely (0.4 of the milk) + (15 X total butter- 
fat). One pound of 5.3-per cent milk is equal to 

1 X 0.4 = 0.4 + (0.053 X 15), 

or 0.795, = 1.195 lb. F.C.M. The figures for converting milk of any 
test to a standard 5.3 per cent F.C.M. are obtained by dividing 
0.4 milk and 15 fat each by 1.195, which gives us 0.3347 for milk and 
12.55 for total fat. 

These factors for the various breeds are found in Table 44. With 
the breed factors in Table 44, a breeder can put the production of all 
his cows into the standard F.C.M. for his breed and thus smooth 
out differences in butterfat test. What the breeder needs to know are 
his animals' fat tests (because it does not generally pay to stray too 
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Table 42. Holstein Conversion Factors 


Age 

2X, 305 

2X, 365 

3X.305 

3X.365 

4X.305 

4X, 365 

1-6 

1.515 

1.287 

1 .257 

1.06 

1.121 

0.953 

2-0 

1.377 

1.170 

1.143 

0.964 

1.019 

0.866 

2-6 

1.275 

1.084 

1.058 

0.892 

0.944 

0.802 

3 

1.203 

1 .022 

0.998 

0.842 

0.89 

0.757 

3-6 

1.131 

0.961 

0.939 

0.792 

0.837 

0.711 

4 

1.077 

0.915 

0.894 

0.754 

0.797 

0.677 

4-6 

1.035 

1.880 

0.859 

0.724 

0.766 

0.651 

5 

1.017 

0.864 

0.844 

0.712 

0.753 

0.640 

5-6 

1.006 

0.855 

0.835 

0.704 

0.744 

0.633 

6 

1 .000 

0.85 

0.83 

0.7 

0.74 

0.629 

6-6 

1 .000 

0.85 

0.83 

0.7 

0.74 

0.629 

7 

1 .006 

0.855 

0.835 

0.704 

0.744 

0.633 

7-6 

1 .012 

0.860 

0.840 

0.708 

0.749 

0.637 

8 

1.018 

0.865 

0.845 

0.713 

0.753 

0.640 

8-6 

1.036 

0.880 

0.860 

0.725 

0.767 

0.652 

9 

1.054 

0.896 

0.875 

0.738 

0.780 

0.663 

9-6 

1 .072 

0.911 

0.890 

0.750 

0.793 

0.674 

10 

1.090 

0.926 

0.905 

0.763 

0.807 

0.686 

10-6 

1.114 

0.947 

0.925 

0.780 

0.824 

0.701 

11 

1.138 

0.967 

0.945 

0.797 

0.842 

0.716 

11-6 

1.162 

1.988 

0.964 

0.813 

0.860 

0.731 

12 

1.192 

1.013 

0.989 

0.834 

0.882 

0.750 

12-6 

1.222 

1.039 

1.014 

0.855 

0.904 

0.769 

13 

1.252 

1.064 

1.039 

0.876 

0.926 

0.787 

13-6 

1.282 

1.090 

1.064 

0.897 

0.949 

0.806 

14 

1.306 

1.110 

1.084 

0.914 

0.966 

0.821 

14-6 

1.330 

1.130 

1.104 

0.931 

0.984 

0.836 

15 

1.348 

1.146 

1.119 

0.944 

0.998 

0.848 


Days Milked 


Days 

Factor 

Days 

Factor 

305-308 

1 .00 

337-340 

0.92 

309-312 

0.99 

341-344 

0.91 

313-316 

0.98 

345-348 

0.90 

317-320 

0.97 

349-352 

0.89 

321-324 

0.96 

353-356 

0.88 

325-328 

0.95 

357-360 

0.87 

329-332 

0.94 

361-364 

9.86 

333-336 

0.93 

365 

0.85 
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Table 43- Guernsey and Jersey Conversion Factors 


Age 

2X, 305 

2X, 365 

3X, 305 

3X, 365 

1-6 

1.343 

1.142 

1.115 

0.940 

2 

1.262 

1 .073 

1 .047 

0.883 

2-6 

1.195 

1 .016 

0.992 

0.836 

3 

1.141 

0.970 

0.947 

0.799 

3-6 

1 .099 

0.934 

0.912 

0.769 

4 

1 .063 

0.904 

0.882 

0.744 

4-6 

1 .037 

0.881 

0.861 

0.726 

5 

1.020 

0.867 

0.847 

0.714 

5-6 

1 .008 

0.857 

0.837 

0.706 

6 

1.000 

0.850 

0.830 

0.700 

6-6 

1 .000 

0.850 

0.830 

0.700 

7 

1.000 

0.850 

0.830 

0.700 

7-6 

1.006 

0.855 

0.835 

0.704 

8 

1 .012 

0.860 

0.840 

0.708 

8-6 

1.018 

0.865 

0.845 

0.713 

9 

1.024 

0.870 

0.850 

0.717 

9-6 

1.035 

0.880 

0.859 

0.725 

10 

1 .047 

0.890 

0.869 

0.733 

10-6 

1 .064 

0.904 

0.883 

0.745 

11 

1.082 

0.920 

0.898 

0.757 

11-6 

1.100 

0.935 

0.913 

0.770 

12 

1.112 

0.945 

0.923 

0.778 

12-6 

1.124 

0.955 

0.933 

0.787 

13 

1.136 

0.966 

0.943 

0.795 

13-6 

1.148 

0.976 

0.953 

0.804 

14 

1 . 160 

0.986 

0.963 

0.812 

14-6 

1.172 

0.996 

0.973 

0.820 

15 

1.184 

1 .006 

0.983 

0.829 


Table 44. Conversion Factors to Various F.C.M. Standards 


Breed 

Average 

test 

Conversion factors 

Milk 

Total 

fat 

Ayrshire. 

4.06 

0.396 

14.84 

Brown S\vi$s. 

3.96 

0.402 

15.10 

Guernsey. 

4.90 

0.353 

13.20 

Holstein. 

3.60 

0.4255 

15.96 

Jersey. 

5.30 

0.3347 

12.55 
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far from breed average in this respect) and total inheritance for pro¬ 
duction. He should, therefore, know the fat test of each cow, and if he 
will convert all production records to his own breed-standard F.C.M. 
test by means of the factors in Table 44 he will have each cow’s total 
production figure on a comparable basis. 

The conversion figures shown in Tables 37 to 43 are based on the 
average performance of thousands of cows milked at various ages for 
various numbers of times per day and for various lengths of time. 
There are no conversion factors for butterfat test because, although the 
test generally drops a little with advancing age, the change is so 
slight that it is unnecessary to correct for it. 

The appropriate figures in the tables are applied to the cow’s 
amount of milk, and the butterfat test for any record is secured by 
dividing the total butterfat by the total milk. 

BULL INDEXES 

The heritability of milk production is between 20 and 34 per cent. 
Therefore, if a cow produces at a level of 100 lb. above the breed 
average, we can expect her daughters to produce at from 10 to 17 lb. 
above breed average due to the dam’s heredity. Since bulls produce 
no milk, their production transmitting abilities must be estimated in 
other ways. A bull’s own type or individuality has no demonstrated 
value in this respect. His two- or three-generation pedigree, including 
collateral relatives, may give a rough estimate if complete, unselected, 
and standardized production data arc available for the animals in¬ 
volved. Obviously the best measure of a bull’s transmitting ability is 
to be derived from how he has transmitted. 

The simplest way to evaluate a bull is by his daughters’ production 
alone. The fault with this method is that it does not consider the 
probable contributions of the dams. It would be all right if all the 
bulls were bred to average groups of cows, but in nearly 50 per cent 
of cases this is not so. 

Another way to evaluate a bull is by a direct comparison of dams’ 
and daughters’ standardized averages. The Bureau of Dairy Industry 
has up to now, used this simple plus-or-minus dam-daughter differ¬ 
ence in reporting on bulls used in D.H.I.A. herds. The trouble with 
this system is that it has no standard point of reference. It is like having 
a horse race with each rider allowed to choose the point at which he 
will start the race, rather than having them all start from the same 
place at the same time. 
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How would you choose between these bulls? 


Bulls 

Weights 
( pounds ) 

Difference 
( pounds) 

Bull A 



Dams.1 

460 


Daughters. ..... 

446 

-14 

Bull B 

Dams. 

340 


Daughters. 

Bull C 

378 

+ 38 

Dams. 

402 


Daughters. 

430 

+28 


Is bull A the better bull because his daughters averaged higher in 
spite of the fact that they came from higher producing cows? Is bull 
B better because his daughters showed the greatest increase in pro¬ 
duction over their dams, although the dams were in a much lower 
production category, or is bull C the best because when bred to 
average cows, he did bring about a rather nice increase in his daugh¬ 
ters? It is quite a puzzle and with the simple differences as used by the 
Bureau of Dairy Industry, there is no way of accurately evaluating 
these bulls. This, of course, means that a breed may be injured, 
because breeders may often choose the poorer bulls rather than the 
better ones, since this system provides no specific way of determining 
value between them. 

In cases of heredity where the quality or quantity is controlled by 
the interaction of many pairs of genes, as milk production apparently 
is, the mating of extremes usually results in offspring that average 
about half-way between the extremes. This idea forms the basis for 
the Equal-parent bull index. To find it we get the averages in amount 
of milk and butterfat test of the standardized records of the cows to 
which a bull was mated and the same for the resulting daughters. 
Next we multiply the daughters' averages (milk and test) by 2 and 
subtract the dams’ averages; the result is the bull's Equal-parent 
index. This places the daughters halfway between the dam’s level 
of production and the calculated bull’s index. 


Daughters’ averages. 

9,000 

4.1 

369 

Dams’ averages. 

8,000 

4.0 

320 

Bull’s Equal-parent Index. . . . 

10,000 

4.2 

420 
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This is a simple and easily understood procedure, but it also has no 
standard point of reference. The best standard point of reference 
would obviously be the breed average. All dairy bulls would then be 
rated in comparison to the breed average and could be fairly com¬ 
pared one with another. Along with this we need to use the fact of 
regression. 

The term regression is perhaps a little unfortunate since to many 
people it suggests going backward. However, in its biological sense, 
regression as defined by Webster means the correlation between parents 
and offspring when used as a measure in inheritance. 

From this definition, it is obvious that regression could mean 
moving forward as well as moving backward. In other words, if 
a herd was producing above the breed average, it might regress down 



FIGURE 108. Regression of groups of daughters on groups of dams. 

towards the breed average; but likewise, if a herd was producing 
below the breed average, it might regress up towards the breed 
average. Regression, therefore, means going up toward the breed 
average from below just as much as it means going down toward the 
breed average from above it. 

Research has shown that the regression in production of groups of 
daughters on groups of dams is 0.5. This is shown graphically in 
Fig. 108. The present Holstein breed average is 410 lb. of butterfat 
(2X, 305 mature), so that from groups of 310-lb. fat cows, we “ex¬ 
pect” their daughters to average 360 lb., or halfway up to the breed 
average of 410 lb. Likewise, from groups of 510-lb. cows, we “expect” 
the daughters to average about 460 lb. We must keep in mind that we 
arc talking about the whole Holstein breed. When we think in terms 
of the whole breed, the above result will happen for the reason that 
all the Holstein bulls taken together are average. Actually some of 
them are better than average and some of them are worse than average, 
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with about 60 per cent of them (or those in any other breed) being 
very close to average. The net result of all the bulls in a breed, of 
course, is the breed average and that is why groups of daughters 
from dams below the breed average tend to rise halfway up to the 
breed average, and groups of daughters from dams above the breed 
average tend to fall back halfway toward the breed average. 

In some particular case, if the dams average 310 lb. and the daugh¬ 
ters 360 lb., there would be a +50 for this particular bull under the 
simple plus-or-minus difference plan. In another case, if the dams 
average 510 lb. and the daughters 485 lb., there would be a —25 
as the designation for this bull. The first bull is just an average bull. 
He has brought his daughters halfway up from 310 to 410 lb. The 
second bull, however, is transmitting at a level of 25 lb. of butterfat 
better than an average bull because his daughters only dropped to 
485 from 510-lb. dams, whereas, had he been an average bull, they 
would have dropped back to 460 lb. The second bull, therefore, 
which under the plus-or-minus system gets a rating of —25, is actually 
a better production-transmitting bull than is the bull which gets a 
rating of +50. These simple differences stated in terms of plus or 
minus can be very misleading. With the simple plus-or-minus system, 
any bull that is bred to cows which average above the breed average 
is made to look worse than he is, and any bull bred to cows that 
average below the breed average is made to look better than he 
actually is. The danger to a breed from this system is obvious. 

Regression is not a law of nature. If a Holstein herd is at the 310-lb. 
level, regression will not automatically pull it up to 360. The wrong 
bull will leave it at the 310-lb. level, or he may drop it lower. The 
right bull will raise it to 400 lb., or even higher, but the average of 
all the bulls in the Holstein breed gives groups of daughters at 360 lb. 
from groups of 310-lb. dams and at 460 lb. from 510-lb. dams. It is 
for this reason that we speak of daughters’ “expectations” and what 
we expect from dams at any level if the daughters are by average 
bulls. If they are better than average bulls, their daughters will beat 
“expectations” and vice versa; or stated differently, if the daughters 
do beat normal “expectations,” the sire is a better than an average 
bull, and vice versa. 

To measure the transmitting worth of any bull who has five or 
more tested daughters out of tested dams, you simply add the breed 
averages 2X, 305, M.E. (Mature Equivalent in age) in milk and 
test to the dams’ standardized averages and divide by 2. This will 
give you the daughters’ “expectancy” from dams at that level. If 
the daughters produce more than expected, you have a better-than- 




348 THE ART OF BREEDING 

average bull; if they do less, you have a worse-than-average bull. 
The Holstein breed is now using this system in evaluating sires for 
the Silver Medal Production Award and that Award is being given 
to bulls whose daughters exceed expectations by 40 lb., which means 
that the bull is transmitting at least 10 per cent above the breed 
average. The data in Volume 5 of the Holstein “Green Book” indi¬ 
cates that 45 per cent of Holstein bulls transmitted 5 lb. above normal 
expectancy; 36 per cent of them 15 lb. above; 27 per cent, 25 lb. 
above; 20 per cent, 35 lb. above; 15 per cent, 45 lb. above; 11 per 
cent, 55 lb. above; 8 per cent, 65 lb. above; 6 per cent, 75 lb. above; 


4 per cent, 85 lb. above; 3 per cent, 95 lb. above; 2 per cent, 105 lb. 
above; 1 per cent more than 105 lb. above breed average. The new 
system will, therefore, give recognition to the top 15 per cent of the 
Holstein bulls. 

There is no distinction in the Holstein Award between bulls whose 
daughters just beat expectancy by 40 lb. and those whose daughters 
beat expectancy by, say, 100 lb. Two Holstein bulls were recently 
given Silver Medal Awards. In the case of one bull, the daughters 
beat their dams by 54 lb., the daughters of the other bull beat their 
dams by 57 lb. The first bull was bred to cows that averaged 389 lb. 
The expectancy for his daughters was, therefore, 400 lb. and his 
daughters averaged 443 lb., so that bull is transmitting at 43 lb. 
better than average. The other bull's mates averaged 427 lb.; his 


FIGl'RE 109. Sir Bess Ormsby May 2nd, a great Holstein sire, result of mating of 
daughter back to her sire, Sir Bess Ormsby May. (Courtesy of Afrs. W. S. Kellogg) 
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daughters normal expectancy was, therefore, 418 lb., but his daugh¬ 
ters actually produced 484 lb. His daughters beat expectancy, there¬ 
fore, by 66 lb. Both of these are Silver Medal Production bulls. The 
first’bull would be in the top 15 per cent of bulls; the second one in 
the top 8 per cent of bulls. Normal expectation for a group of daugh¬ 
ters, we repeat, is found by adding the breed averages for milk and 
test to the dams’ averages and dividing by 2. This is the only method 
now available to evaluate bulls fairly and on a genetically sound basis. 

The Holstein breed, as we have seen, is using the regression idea, 
although not in the form of an index. 

The Ayrshire breed has been using the Regression Index for the 
past 7 years. The Regression Index simply regresses the Equal- 
parent Index halfway back to the breed average. The simplest way 
to get the Regression Index, therefore, is to find the Equal-parent 
Index (twice the daughters’ averages in milk and test, minus the 
dams’ averages), add the breed averages, and divide by 2. 



Milk 

Test 

Daughters. 

9,000 

4.1 

Dams. 

7,000 

4.0 

Equal-parent Index. 

11,000 

4.2 

Assumed breed average. 

10,000 

2)21,000 

4.0 

2)8.2 

Regression Index. 

10,500 

4.1 


With an assumed breed average of 10,000 milk, 4.0 per cent test 
this Regression Index tells us immediately that this bull’s daughters 
beat normal expectations by 500 lb. in milk and 0.1 per cent in test. 
The regression idea is very useful when we are dealing with groups 
of daughters and groups of dams. It should never be used for a single 
dam and her daughter. The sampling nature of heredity, together 
with environmental influences, make it impossible to predict what a 
certain daughter of a certain cow will produce. 

In making comparisons of dams’ and daughters’ records the ques¬ 
tion arises as to whether or not to use all the records of the dams. 
The daughters will have one record, their two-year-old record, while 
the dams may have two, three, or ten records. In its use of the Regres¬ 
sion Index the Ayrshire breed uses the first records of daughters and 
dams. The Bureau of Dairy Industry uses the average of all records 
of daughters and dams in its simple plus-or-minus system. Another 
possibility is to use the dam’s record made in the same year as was the 
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daughter’s record in order that the same yearly environment will 
apply to both. All the above choices have advantages and disad¬ 
vantages—we do not believe that any one is altogether superior. 

Another debatable point concerns the method of arriving at the 
average test of the dams and daughters. One way is to total all the 
fat produced by the dams in the records being used and divide it by 
the total actual milk produced in those records, and the same for the 
daughters. This gives the fat percentage of all the milk produced. 
Another way is to divide the fat in each record by the milk in that 
record which gives a fat percentage for each dam and each daughter. 
The separate dams’ and daughters’ percentages are then added and 
averaged. We prefer the latter method. 

To use regression we must know the breed or population average. 
It seems that there is relatively little difference in the average butterfat 


Table 45. Approximate Dairy Cattle Breed Averages 


Breed 

Mature basis , 2 X, 305 days 

Milk 

Test 

Butterfat 

Ayrshire. 

10,100 

4.06 

410 

Brown Swiss. 

10,350 

3.96 

410 

Guernsey. 

8,370 

4.90 

410 

Holstein. 

11,400 

3.60 

410 

Jersey. 

7,740 

5.30 

410 


production of cows in the various breeds on a 2X, 305, M.E. basis. 
This figure appears to be about 410 lb. From the known butterfat 
tests for the various breeds and the assumed 410 lb. of butterfat, we 
have constructed the figures shown in Table 45, which will have to do 
for the breed averages until the various breeds can supply us with the 
actual figures. 

SHORTCOMINGS OF INDEXES 

Since an index, or a plus-or-minus figure based on regression, is com¬ 
puted from the average production of a bull’s mates and daughters, 
they are only as trustworthy as the records themselves. In all the pre¬ 
ceding discussions we have tacitly assumed that the groups of dams 
and groups of daughters had had about similar environment. Many 
things influence the production of cows in any lactation—how the 
cow was grown and developed, length of dry period preceding, length 
of interval between calvings, condition at calving, time of year, qual¬ 
ity of feed, competence of herdsman, length of time between calving 
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and next conception, and so on. Obviously all these things are not 
likely to be identical for each dam-daughter pair. We take some com¬ 
fort, however, in the knowledge that when we deal with groups of 
dams and groups of daughters, the favorable and unfavorable environ¬ 
mental effects for each group will at least in part be canceled out. If 
some known environmental condition has operated only for dams or 
only for daughters, a fair allowance should be made for it in practicing 
selection. In assessing a bull’s transmitting merit, it is necessary to 
establish the “normalcy” of conditions under which mates’ and 
daughters’ records were made and to make as reasonable an allowance 



FIGURE 110. Holstein bull, Sir Bess Ormsby Forbes Dean, who sired over 27,000 
offspring while in use at the New York Artificial Breeding Cooperative. (Courtesy of 
S. J. Brownell , Cornell University) 

as the facts seem to justify. Such allowances, of course, are arbitrary 
and may further distort rather than correct for differences. 

Another point that may influence the accuracy of an index grows 
out of the following facts: (1) the number of genes affecting milk, test, 
and total fat is probably large, and (2) the genes probably interact 
with each other in a variety of ways other than in simple additive or 
multiplicative fashion to produce a given result (dominance or lack 
of it, epistatic effects and so on). The practical breeder lumps all these 
and perhaps others into what he calls nicking. If the early use of a cer¬ 
tain bull in a certain herd does result in a favorable nick, then the 
index derived from those early favorable matings may be misleading, 
as far as the results of the later use of this bull on cows of a different 
genetic background is concerned. 
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Still a third factor may limit the accuracy of an index, namely, 
selection. Studies have shown that five daughter-dam pairs are a 
sufficient number on which to formulate an index, provided they are 
unselected daughters; although we personally still prefer to have at 
least seven or eight daughter-dam pairs. If only the selected five best 
daughters (out of 10 or 20) are used in calculating the index, then the 
index is of very questionable value, and adding more selected daugh¬ 
ters would not help very much. The best way is to use the first five to 
ten daughters of a bull with no selection except for the inevitable 
deaths and things of that sort. 

A final disadvantage of indexes lies in the fact that a bull must be 
five or more years old before he can be indexed. The result is that 
most bulls are dead before they can be indexed; but of course, the 
index can “live” in a pedigree after the bull is dead. 

We have seen that daughters’ records alone, a simple plus-or-minus 
comparison of dams’ and daughters’ records and the Equal-parent 
Index leave something to be desired as methods of establishing a bull’s 
probable transmitting levels for amount of milk and butterfat test. 
The best known method is that involving “regression.” This can take 
the form of the Regression Index, or it can be stated in simple plus-or- 
minus terms based on the difference between daughters’ actual pro¬ 
duction and daughters’ expected production from dams at the given 
level. 


SELECTING BULLS 

The decision as to which bull or bulls to use is the most important 
decision that a dairy cattle breeder makes. The series of bulls used in a 
herd make or break that herd. It seems fairly obvious that the best 
buy in a bull would be a proved sire, one that had already demon¬ 
strated his ability to transmit good production, type, and all the other 
desirable things which we want in a herd of dairy cattle. If the bull 
has done a good job of transmitting in one herd, he stands a good 
chance of doing likewise in another herd, although this is not an abso¬ 
lute certainty. 

There are several difficulties with good adequately proved bulls: 
(1) There are not many of them; (2) their price is apt to be high; (3) 
they are often getting on in years and losing some of' their breeding 
vigor and sureness; (4) they are often dead when we learn of them. 

If we can’t get a proved sire six or eight years old, should we buy a 
younger bull, say three or four years old? Some breeder may have such 
a bull and not want to use him on his own daughters, but be anxious 
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to keep him alive. If the bull has a good pedigree, if his daughters look 
good in comparison with their dams, if the herd is clean, so that we 
are not apt to be introducing disease into our herd by use of this bull, 
and if he can be purchased at a reasonable price or, better still, leased 
at a nominal price, or traded for one we own, the bull problem would 
be solved for a while. And so we might go on, all the way down to 
calves. A two-year-old bull might have a group of calves. A yearling 
bull will have no offspring but he has had a chance to grow out a bit 
so that we can get an idea about what he is going to look like. With 
the calf, there is not much that we can determine perhaps except that 
he is alive and with good luck ought to remain so for some time. 

An unproved bull should be used on 12 or 15 cows and then be 
leased, loaned, or just temporarily retired from regular service until 
five or six of his daughters have made records. In this way the good 
transmitting bulls can be discovered, and when discovered, used as 
extensively and as long as possible. The present system is generally the 
exact opposite of the above. A young bull is purchased, he gets one or 
two crops of calves, and then he goes to the butcher to avoid inbreed¬ 
ing, or because he is getting hard to handle. 

If a man is to be a successful breeder of dairy cattle, there are several 
“musts’* in his program. We think the most important one of all is 
that he try out young bulls before putting them into heavy service. 
This, of course, is just another way of saying that, to be successful, a 
breeder “must” use a scries of good, proved sires. 


SELECTING A YOUNG BULL 

If one cannot or does not desire to buy an older bull, or does not 
choose to use bulls standing at artificial-breeding units, he must 
necessarily use young bulls. There are many chances for error in 
selecting young bulls. In the first place the majority of bulls are aver¬ 
age so that is the kind we are most likely to get. We have only two 
things to guide us, the young bull’s appearance and his pedigree. 
Some bull calves are nice individuals at one or a few months of age 
and poor individuals at one year or five years. Sometimes it works the 
other way. At best a bull’s type can tell us little or nothing about how 
his daughters will look or produce. 

The other guide is the young bull’s pedigree. The most important 
feature about a young bull is that he be the son of a good proved sire, 
the latter animal being one whose daughters beat expectation by a 
considerable amount and whose sons are good proved bulls. The 
latter point is important because generally all of a bull’s daughters are 
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in one herd, while his sons are in several herds. Proved sons are, there¬ 
fore, a stiffer test of a bull than are his daughters. 

If the sire (call him A) of the young bull is a good proved sire, this 
means that he has daughters with records out of dams with records. 
We next might group these records to see whether bull A “nicked” any 
better when mated to the daughters of certain bulls. If study showed 
that he had nicked better when mated to daughters of bull F, then 
bull F (if a bull proved good through his sons and daughters) is 
selected as maternal grandsire of our young bull. Study of bull F 
might reveal that he had done best when mated to daughters of bull 
M, which places bull M (if a good proved sire) as the maternal great 
grandsire of our young bull. This gives us the three sires on the bottom 
line of the pedigree of our proposed young bull. Now we must find a 
good daughter of bull M, a cow with several good records and several 
good offspring to be the maternal granddam (call her Y) of our young 
bull, and finally we must find a good daughter of bull F and out of 
cow Y (a cow we will call X who has several good records and several 
good daughters) and she will be the dam of our young bull. This 
procedure is not theoretical, that is, it is practical. One might ask, 
'Where would one find that kind of situation?” The answer is in any 
good herd which has used three good sires in succession. They first 
used bull M and got a lot of his daughters. These were bred to bull F 
to get a lot of his daughters. They are now using the good proved sire 
A. In such a herd, if of fair size, there would be considerable choice of 
cow family—of what we designated as cows Y and X and their off¬ 
spring. Not all bulls selected in this way will turn out to be good ones, 
but four out of five of them should. Since inheritance is a halving and 
sampling process, there is no way to take all the guess out of breeding. 

BULL PROSPECTS 

We think one good way to spot good bull prospects is to watch for 
those bulls in any breed that begin to show up with good sons. If the 
first few sons of a bull prove out well, we could write to the breed 
association and get a list of all the bull’s registered sons and perhaps 
find a few out of good cow families which might merit a trip to study 
their offspring. In this way, we might find a good four- or five-year-old 
son of a good proved sire (out of a good cow in a good cow family) 
who, while not yet proved, will be in another year or two. If the first 
few sons of a bull prove out well, it seems probable that more will 
later. Studies do indicate that later sons of proved sires will not be so 
good or so poor as earlier ones but will tend to regress toward the 
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breed average—a possible source of bulls which has not been utilized 
as much as it might be to advantage. Cow families must be scrutinized 
very carefully when using this kind of selection, however, because 
early sons are likely to be out of cows in good cow families. When the 
bull begins to get a reputation through his sons, it is a temptation to 
the breeder to sell his sons out of rather ordinary cows. 

Another possible source of good herd sires is to induce the owner of 
a well-proved sire to breed this sire back to a few of his own best 
daughters. If we can get a calf bred that way, he will have 75 per cent 
the same genes as his proved sire. 

In the past, most breeders have used a good bull or two, then a poor 
bull or two, and so on, which, together with the fact that within-herd 
heifer selection has not been very soundly based, means that genetic 
improvement in dairy cattle has been quite variable. 

A bull must be at least five years old before he can be proved 
(generally they are six to nine years of age) and a cow must be three 
years old before she has a record, and on the average at least six years 
of age before she can have one daughter with a record. We recently 
sampled calf registration in one of our dairy breeds and found that 
85 per cent of bull calves being registered were by sires too young to 
have been proved, and 25 per cent of them were out of two-year-old 
cows without a record; 40 per cent more of them were out of cows less 
than six years of age, probably without a daughter with a record. 
Perhaps this throws some light on the problem as to why breed aver- . 
ages move up so slowly. The ideal thing would be to have every 
registered bull calf by a proved sire and out of a proved cow. It will 
take many years to begin to approach this ideal. 


ARTIFICIAL BREEDING 

Many breeders are solving their bull problem by joining artificial- 
breeding cooperatives, and the trend in this direction seems likely to 
continue, provided the sire selection committees of the artificial¬ 
breeding cooperatives are able to do a thorough and painstaking job 
in the selection of proved sires and also perhaps in the matter of prov¬ 
ing their own young sires. 

Artificial breeding in dairy cows in the United States was initiated 
by Professor E. J. Perry in New Jersey in 1938. The idea spread rapidly 
over the country, and in 1952 it is estimated that over 4 million cows 
will be so bred. On a production transmitting basis the distribution of 
all the bulls in any breed follows quite close to a normal distribution. 
This means that about 5 per cent of bulls are poor transmitters of 
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production, about 15 per cent are mediocre, about 60 per cent are 
quite close to average, about 15 per cent are very good transmitters, 
and 5 per cent are excellent transmitters of production. Artificial 
breeding is merely an attempt to give more breeders and dairymen 
the opportunity of having calves sired by good proved bulls. 

Table 46 is a summary of daughter production of 766 sires in use in 
cooperative artificial bull studs on Jan. 1, 1951. These data are found 
in the D.H.I.A. Letter, Vol. 27, No. 6. At that time 36.4 per cent of 
artificial dairy sires had five or more daughters with D.H.I.A. records. 


Table 46. Production Records of Daughters of 766 A.B.A. Sires by Breed 


Breed 

No. of 

No. of 

No. of 
Production 
records 

Daughters' 

Production 
butter fat * 

sires 

daughters 

milky lb. 

Testy 
per cent 

Weighty 

lb. 

Ayrshire. 

34 

674 

1,338 

9,880 

4.2 

411 

Brown Swiss. 

43 

732 

1,419 

11,253 

4.1 

464 

Guernsey. 

173 

2,628 

4,417 

8,641 

4.9 

424 

Holstein. 

347 

9,367 

15,321 

12,688 

3.7 

464 

Jersey. 

161 

2,506 

4,299 

8,049 

5.3 

425 

Red Dane. 

3 

141 

261 

8,522 

4.2 

357 

Shorthorn. 

5 

60 

94 

8,327 

3.9 

321 

Total. 

Average. 

766 

16,108 

27,149 

10,549 

D 

443 


* Twice-a-day milking, 305-day, mature-equivalent basis. 


The number or percentage of artificial-breeding dairy sires that 
arc proved is not known. It probably is from one-third to one-half and 
is rising steadily. There can be no question but that the commercial 
dairyman is well advised to use artificial breeding. Many purebred 
breeders also can use it, at least for part of their breedings, that is, 
selected bulls on selected cows. 

The committees that select the bulls for use in artificial breeding 
have a grave responsibility. If an individual breeder makes a mistake 
in selecting a bull, it affects adversely only his own herd and such 
herds as happen to buy sons of his “dud.” But in artificial breeding, 
a bull may leave ten or twenty thousand daughters. Any original 
error in the choice of a bull for artificial service becomes multiplied 
many times. We think the bull committees are doing an excellent job, 
but the job will grow progressively more difficult as average produc¬ 
tion increases. 
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Some historically famous and much used bulls have been carriers 
of recessive lethal genes and their use has spread these undesirable 
genes through large populations. Some inbreeding may result from 
artificial breeding, and inbreeding experiments have revealed that 
many animals carry undesirable recessive genes which the inbreeding 
has brought to light. The widespread transmission of serious faults, 
such as weak udder attachment, might become a serious handicap to 
American dairying. 

There is a chance that bull selection committees may overstress 
production and not pay enough attention to well-attached udders, 
disease resistance, breeding regularity, longevity, freedom from unde¬ 
sirable recessives, and so on. The likelihood of a bull’s transmitting 
harmful traits is difficult to discover. Perhaps eventually it will become 
the practice to breed bulls to 10 or 12 of their own daughters before 
using them extensively in artificial breeding. Such a practice would 
provide some opportunities for hidden, undesirable genes to show 
themselves. In short, we may come to the time when artificial bulls 
will not only be good proved sires but will also be sires that have been 
tested through inbreeding to reveal more clearly their genetic 
make-up. 


SELECTING HEIFERS 

The breeder’s principal task is that of learning as much as he can 
about the genotypes of his animals. This cannot be done directly—we 
cannot see genes and read labels on them. If you were starting in the 
dairy business, you might actually go out and buy ten cows. You would 
buy them quite likely on the basis of their phenotypes—what they 
looked like and maybe what they had produced. You would be able to 
learn little or nothing at first about their genotypes. The genotypes 
would be revealed gradually as these cows had offspring. Eventually 
you would learn that perhaps three or four of the original ten cows 
had had better genotypes because they transmitted better to their 
offspring than the others, and so you would go on and build your herd 
on these better transmitters, letting the other lines die out. Ultimately 
you might find that your whole herd was built on but one of the 
original ten cows purchased. 

It is obvious that we need something more than our eyes and a 
somewhat limited memory if we are going to get down to “brass tacks” 
for probable genotypes of our animals. In short, we must keep records. 
Every dairy cattle breeder should get production records. Weighing 
the milk produced one day a month and testing it for butterfat content 
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is certainly a “must.” Records of heat periods, dates bred, numbers of 
breedings, dates of freshening, number of months between calvings, 
age at start of each lactation are also “musts.” Figure 114 (pages 362- 
363) gives a sample record form for dairy herds. Some such form must 
be kept for each animal in the herd and the records, when secured, 
must be used intelligently in practicing selection. Only when the 
breeder knows the strong and weak points in his present animals is 
he in a position to intelligently select sires to mate with them, because 
sires are supposed to bring into herds the genes to strengthen the pres¬ 
ent weak points in the herd. 


FIGURE 111: Countess Chloe, foundation cow to which more than 90 per cent of 
the Holstcins at the University of Massachusetts now trace on the bottom line of their 
pedigrees. 

If the heritabilities of desirable things in dairy cows were high, we 
could select from our better individuals and let it go at that. Herita- 
bilitics for the things we want arc generally low, which means that it 
will pay to consider close relatives as well as the individual cow in 
deciding from which cows to save heifers. 

It is very helpful to a breeder to chart his herd into its respective 
female families. This is not a difficult task and generally will pay good 
dividends. The simplest way to do it is to get a pack of 3 X 5 cards at 
the stationer’s and then make out a card for each female one has had 
in the herd, going back 5, 10, 15, or as many years as one wishes. For 
example, take a card and write the name of the cow, Molly, and her 
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birth date, 1927, at the top; down below write her sire, bull X, and 
her dam, Mary. Do this for all the females you have had in the herd. 
Then arrange the cards, putting those for the oldest cows on the: top o 
the pack, working on down to the bottom card for the heifer call born 
day before yesterday. Next get a big sheet of paper, a couple of feet 
wide and a foot deep, and start over at the middle of the left-hand side 
with the name Mary, who was the dam of the cow, Molly. Write 
“Molly” in the column next to the right of “Mary”; draw a straight 
line between them, and indicate the sire X above Molly’s name (see 
Fig. 112). Lay that card aside and go on down through the pack to 
the bottom and see if you find any other cards with Mary’s name as 
dam. If you do, enter that cow’s name say, Maud, also by sire X, 

Foundation Daughters Granddaughters 

/■*_ Y 



z 

May 


FIGURE 112. Arranging a cow family according to the successive generations. 

underneath Molly. If that’s all the Mary daughters there are, then 
look down through the pack to the bottom to see whether you find 
any cards with Molly’s name as dam. If you do, that cow’s name, 
Minnie, goes out to the right of Molly, and she was by sire Y as indi¬ 
cated above her name. Continue this procedure through the entire 
pack of cards. In this way each of the cow families will gradually build 
up from left to right across the big sheet of paper as shown in Fig. 112. 
Animals in the first column are daughters of the old foundation cow; 
in the next column, granddaughters, and so on. 

Her own records of production and reproduction can then be 
placed under each female. We can guarantee that no matter how well 
a breeder knows his herd, he will learn many things he didn’t know 
by working the herd up into its female families, and he will find that 
many things tend to “run in families.” 

Two cow families are shown in Fig. 113. Because of the limitations 
of space, we have shown only the lines with living descendants and 
nothing but the production records. The breeder should also list on 
his family charts all pertinent data concerning the animals in each 
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family, for example, type classification, mature weight, number of 
services per conception, age at first calving, average length of calving 
intervals abortions, mastitis, and difficult calvings. The average cow 
stays m the herd for from three to four lactations, so that one-fourth to 
one-third of the herd must be replaced each year. The choice of cows to 
cull is an almost constant problem. Some must go out of the herd for 
reasons of disease, injuries, failure to breed, and so on. Setting the 
herd up into its respective cow families can be very useful in the prac¬ 
tice of culling. It can serve as the means of avoiding numerous errors 


Dams'ave. 
Daus' ave. 
Bull's index 


Sire I 
12.371 3.47 
13.425 3.52 
14.479 3-57 


Sire Z 
12.872 3.50 
13.532 3.52 
M.I92 3.54 


Sire 3 
13.541 3.52 
14.163 3.63 
14.785 3.74 


Sire 4 
14.260 3.52 
15.880 3.68 
17.300 3.84 




since the factual data for each animal and its close relatives in the 
family charts give a foundation of fact on which judgment can be more 
correctly based. 

Family charts can be useful in selection, but like all other guides, 
they have their limitations. Two granddaughters of a cow, where 
different sires have sired the two granddaughters and the intervening 
dams are also by different sires, are only per cent related, although 
they are in the same cow family. In other words, only 6 per cent of 
their genes are likely to be similar because of their common granddam 
(many more will be because of the “fixed” genes in all cattle). In spite 
of being in the same cow family, their genes are not much more alike 
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than those of any two animals of their breed chosen at random. On 
the other hand, two granddaughters of a cow that are by the same sire 
(the one now being used in the herd) and whose dams were by a simi¬ 
lar sire (the previous bull used in the herd) are 37)4 per cent related. 
However, most of this increased relationship (31)4 per cent of it) is 
due to the common sires in the pedigrees of the two granddaughters, 
and still, only 6)4 per cent of it due to their common granddam. 
Being in the same cow family can mean close relationship between 
animals or it can mean very little relationship. The latter condition is 
more likely to prevail under artificial breeding, the former where a 
breeder uses a series of his own bulls. 


GENETIC WORTH OF A COW 

The genetic worth of a cow can best be estimated by considering the 
performance of her close relatives together with her own performance. 
What we mean by close relatives are her dam, her daughters, her full 
sisters and her paternal and her maternal half-sisters. Weight can be 
assigned to these close relatives on the basis of their degrees of relation¬ 
ship to the cow being evaluated. If, for example, the average butterfat 
production in a particular herd was 400 lb. and a certain cow (Fig. 
115) had an average production of 450 lb., we would have a + 50 
since this cow’s own average is 50 lb. above the herd average and she 
is 100 per cent related to herself. If her full sisters averaged 410 lb., 
we would have a 4-5 because they arc 50 per cent related to the cow 
in question. If she had two daughters and those two daughters aver¬ 
aged 360 lb., we would have a minus of 20 lb., that is, half the differ¬ 
ence between the herd average of 400 lb. and these daughters’ average 
of 360 lb., since the daughters arc 50 per cent related to the cow. If the 
dam of the cow had an average of 380 lb., we would have a —10, 
because the dam is 50 per cent related to the cow, and we therefore 
take 50 per cent of the —20 that she is below the herd average. If her 
paternal sisters (other daughters of her sire) averaged 420 lb., we 
would have a +5, since these paternal sisters are 25 per cent related 
to the cow in question. If other daughters of her dam (namely, her 
maternal sisters) averaged 360 lb., we would have a —10, since the 
difference between 360 and 400 is 40, but these maternal sisters are 
only 25 per cent related to the cow in question. This gives a total of 60 
on the plus side and 40 on the minus side, or a total +20 to be added 
to the herd average of 400, giving this cow a rating of 420 lb., when 
we consider not only her own record, but also those of her close rela¬ 
tives. In other words, her probable genetic value is about 420 lb. in spite 
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FIGURE 114. Record card for use in dairy herd. 
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2 Daughters 
360 lb. 



Sire 


Dam 
380 lb. 


360 lb. 

FIGURE 115. Close relatives of a cow. 


of the fact that her average record is 450 lb. This is the procedure for 
rating all the cows in a herd according to their probable genetic merit. 


PRACTICAL WORTH OF A COW 

One practical way to lump together the effects of inherent producing 
capacity with age at first calving, regularity of breeding, calving inter¬ 
val, freedom from disease, and so on, is to compute the average daily 
lifetime production for each cow. This simply means dividing a cow’s 
lifetime production (standardized to a per cent F.C.M. on particular 
breed basis) by the number of days she spent in the herd from the day 
she was born (or the day she first freshened) until the day she left the 
herd. If she had high inherent milk-producing capacity and persist¬ 
ence, and dropped her first calf when she was 24 to 27 months of age 
and on about the same day each year for a number of years, her aver¬ 
age daily milk production (milking days and dry days) will be high. 
Since the dairy farmer prospers or fails, depending on the average 
daily production of all the cows in his herd, this figure for each cow 
can be very useful in guiding selection. 


DAIRY TYPE AND SELECTION 

Dairy type has been a controversial subject for a long time. In fat- 
stock type indicates production to a considerable extent. In hogs, for 
example, a long deep body (loin and rib chops and bacon), well- 
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fleshed front and rear ends (shoulder, butt, and ham), with smooth¬ 
ness quality, and non wasteful ness indicate directly to the eye that the 
five primal cuts make up a considerable portion of the live animals. 
These qualities are evidenced by both sexes. In dairy cattle the degree 
of correlation between type and production is not nearly so high. 

The presently used score card for dairy cows of all breeds allots 30 
points to general appearance, 40 points to dairy character and body 
capacity, and 30 points to mammary system. It seems impossible to 
quarrel with the latter two divisions, which have to do with size and 
quality of body and udder. Many statistics are available which show 
that the larger cows within a breed are generally more productive and 
profitable than are the smaller ones. Quality is more difficult to meas- 

Daughtera 



Ex. 

V.G. 

G+ 

G 

F 

P 

Ex. 

22 

85 

95 

86 
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V.G. 

48 
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616 

448 

76 

2 

G+ 

29 

281 

710 

673 

127 

6 

G 

25 

209 

488 

817 

167 

18 
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4 

20 

92 

154 

44 

5 

P 

2 

2 

6 

3 



FIGURE 116. Distribution of classified daughters from classified dams. 

ure, but experience has shown that cows of a lean, angular type, of 
moderate-sized bone, of thin hide, and with udders which, when 
milked out, are soft and yielding, are the best milkers. 

The only possible score-card argument then boils down to the mat¬ 
ter of the 30 points for general appearance. These 30 points demand 
that the animal conform, within certain limits, to the generally 
accepted breed standards and that its head and lean neck, its capacious 
body, and its large, quality udder show some decent relationship to 
each other, and that the body be carried on fairly straight and well- 
placed legs. 

The individuality (type) of a dairy cow is an indication of whether or 
not the animal will be a good producer. Type is far from an infallible 
guide to production, but it is, within limits, a sound guide. Most 
breeders do select heifers (and bulls) from their best-type and highest 
producing cows. Type and production of daughters of these “best” 
cows do not always equal or exceed the dams—the correlation be¬ 
tween type or production of dams and daughters is not perfect—but 
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I IGURE 117. Guernsey bull {lop) Cowham Farm Tress King, first-prize bull, three 
years and over, and Senior and Grand Champion, winner of the Langwatcr Trophy. 
Sire: Ricgeldalc King s Philosopher. Dam: Rex's Tress of Cowham Farm. Breeder 
and owner: C. F. Cowham, Jackson, Mich. Cow {bottom) Adohr Eldor Pearlcttc, first- 
prize female, five years and over, and Senior and Grand Champion. “Pearlcttc” won 
the Douglaston Manor Farm Trophy for best AR cow, the Meadow Lodge Farm 
Trophy for best-uddered cow, and her breeder was the winner of the Guernsey Island 
Perpetual Challenge Trophy. Sire: Eldor of Adohr Farm. Dam: Escalon Pearlcttc. 
Breeder: Adohr Milk Farms, Tarzana, Calif. Owner: Adohr Farms—Merritt H. and 
Rhoda R. Adamson, Carmarillo, Calif. {Courtesy of American Guernsey Cattle Club) 
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what we get from this procedure is certainly well worth having. 
Figure 116 indicates the type distribution of 5,616 classified daughters 
out of classified cows in one of our dairy breeds. 

These data show that excellent cows do not calve only excellent 
daughters and that poor cows do not calve only poor daughters. How¬ 
ever, we are more likely to get good-type offspring from the upper three 
classification types than from the lower three. 

OTHER CONSIDERATIONS IN SELECTION OF DAIRY CATTLE 

There are many other considerations to be borne in mind in select¬ 
ing dairy cattle, only a few of which will be mentioned here. 

From a practical standpoint a dairyman desires to have a herd of 
cows that arc not too high-strung and nervous, that arc easy, fast 
milkers at cither hand or machine milking, and that have teats which 
arc neither too large nor too small and are well placed on the udder. 
He also desires cows that calve easily and without complications, and 
those not particularly subject to going off feed or prone to develop 
udder troubles, such as leaky teats, mastitis, and so on. He hopes to 
develop a generally vigorous strain of animals, one that maintains high 
production for a long time during each lactation period and that re¬ 
mains productive over a long period of years. The matter of longevity 
is especially important, for it takes the first two years or more of the 
average cow’s productive life to repay the cost of growing her up to 
two years of age, or her cash cost if purchased. In addition, the range 
of selection is curtailed if cows stay in the herd but a short time. 
To evaluate properly all the considerations that have been dis¬ 
cussed in this chapter makes it imperative for the breeder to keep 
records. Most of the characteristics for which, or against which, we 
select in dairy cattle are the result of the combined action of heredity 
and environment. Only with fairly complete recorded data can the 
breeder discover the individuals and strains within his own herd that 
have a preponderance of the genes which he desires to increase and a 
minimum of those of which he would like to rid himself. 

SUMMARY 

The practical selection of dairy cattle is a fairly complicated affair. 
Many things arc desired in dairy herds—production, longevity, regu¬ 
larity of breeding, health, type, and so on. Since there are no demon¬ 
strated high correlations between or among these things, wc have to 
select for all of them at once, which means that the intensity of selec¬ 
tion for any one must be considerably reduced. Heritability of produc- 
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non or type is rather low. This means that much variation is caused by 
the environment. For this reason we must try to make proper allow¬ 
ances for environmental effects and we must also consider close rela¬ 
tives as well as individual merit in practicing selection. Age and other 
conversion factors _ are applied so that different performances can be 
compared on a fair basis. Regression is important in evaluating the 
probable transmitting abilities of dairy bulls. Choice of bulls may have 
? * ar “ reac ™ng effect on a herd. Improving dairy cattle is a difficult 
job, but with intelligent use of factual data available about our dairy 
animals, reasonable progress can be achieved. 


QUESTIONS 

1. In what respects is selection in dairy cattle somewhat harder than in 
other classes of livestock? 

2. Why are conversion factors necessary? 

3. Explain what regression is. 

4. How should a young bull be used? 

5. What is a cow family? 

6. How may a cow’s practical worth be determined? 

7. What is the main shortcoming of selection based on individuality? 

8. What is the main shortcoming of selection based on progeny? 

9. What is the greatest stumbling block for the average dairy cattle breeder? 

10. Assume the breed average to be 11,400 lb. of milk, 3.6 per cent test, 

410 lb. of butterfat. From the data in the following table calculate by 
how much the sire of these daughters is better or worse than an average 
bull. What is his Regression Index? 


Data for Question 10 


Daughters' 

2X, 305 records 

Dams' 

2X, 305 records 

Daughter 

No. 

Age at 
start of 
record 

Milk , 
lb. 

Testy 

per 

cent 

Dam 

No. 

Age at 
start of 
record 

Milky 

lb. 

Testy 

per 

cent 

1 

2 yr. 4 mo. 

8,900 

3.6 

1 

2 

yr. 7 mo. 

7,800 

3.7 

2 

2 yr. 6 mo. 

8,750 

3.7 

2 

2 

yr. 4 mo. 

9,140 

3.5 

3 

2 yr. 1 mo. 

9,240 

3.6 

3 

3 

yr. 0 mo. 

8,220 

3.7 

4 

2 yr. 0 mo. 

8,820 

3.8 

4 

2 

yr. 5 mo. 

9,060 

3.6 

5 

2 yr. 3 mo. 

10,480 

3.5 

5 

4 

yr. 0 mo. 

8,750 

3.7 

6 

2 yr. 7 mo. 

9,180 

3.8 

6 

2 

yr. 8 mo. 

9,040 

3.5 

7 

2 yr. 4 mo. 

7,860 

K&2 

7 

3 

yr. 0 mo. 

8,080 

3.6 

8 

2 yr. 3 mo. 

8,420 

iSl 

8 

2 

yr. 1 mo. 

8,140 

3.3 

9 

2 yr. 5 mo. 

9,110 

3.5 

9 

2 

yr. 5 mo. 

8,470 

3.5 

10 

2 yr. 6 mo. 

8,590 

3.8 

10 

2 

yr. 5 mo. 

8,710 

3.6 
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11. Visit a herd in your neighborhood where production records are kept 
and guess the production of the cows in the herd. Then compare your 
guess with the actual records. 

12. In what ways are modern breeders failing to use available knowledge 
for improving livestock? 

13 . Do you consider it desirable and/or probable that eventually all live¬ 
stock in the United States will be purebred? 

14. Which is at present the greater limiting influence in the way livestock 
perform: heredity or environment? 

15. List some external characters that are probably related to milk and 
butterfat production. 

16. Explain the differences between performance-testing and progeny- 
testing. 

17. For how many generations might undesirable recessive genes be carried 

along? . . ... 

18. Discover the rate of herd replacements in a few herds in your neighbor¬ 
hood. 

19. Are the conditions under which any race horse races or any milk cow 
milks always the same, or are they always the same for both the parents 
and their offspring? What influence has this on the matter of indexing 
sires? 

20. List any ideas or opinions that your study of this chapter has caused you 
to change. 



Chapter 23 


SELECTING 

BEEF CATTLE 


Type os a Basis for Selection 
in Beef Cattle 

Production Records in Beef-cattle 
Selection 

Feeding and Management in 
Beef-cattle Selection 
Selecting Dual-purpose Cattle 


This chapter on selection of beef cattle will serve as a general introduc- 
tion to the subject of selection in meat animals, as well as dealing 
specifically with beef cattle. Later chapters on hogs and sheep take up 
problems peculiar to them. 

Meat animals eat a great variety of vegetable materials—grass, hay 
silage, grains and grain products—some of which could be eaten 
directly by human beings and some of which arc inedible. They also 
cat large amounts of inedible waste animal products, such as tankage 
fish meal, whey, and so on. The efficiency with which they convert 
these feedstuff's into meat products of high nutritional value and great 
taste appeal is the true test of the success of the animal breeder. 

From the standpoint of the livestock producer, profit depends upon 
two things: (1) the cost of production, and (2) the quality of product 
as reflected by selling price. Both these factors arc influenced by 
heredity. 

In many ways meat-animal selection is simpler than that of dairy 
cattle or poultry. The principal favorable factors are: (1) Many 
characters of economic importance, such as growth rates and body 
type, can be observed in both males and females; (2) many such 
characters can be observed in young animals before sexual maturity 
is reached; and (3) for at least certain characters (carcass quality is 
the best example) the external appearance of the live animal is a 
better indicator of the animal’s real value than it is in dairy cattle. 

The meat-animal breeder also has disadvantages. First, and prob¬ 
ably the most important, is the fact that no one thing measures value 
in a meat animal so well as does the amount of milk and butterfat pro¬ 
duced in a dairy cow, or so well as do number and size of eggs in a hen. 
Meat animals must be selected for several things. As pointed out in an 
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earlier chapter, increasing the number of things selected for auto¬ 
matically reduces the amount of selection that can be directed toward 
anv one Second, carcass value is one thing we must select for, but 
nn animal has to be killed for definite carcass value determination. Thus, 
selection for carcass value must be indirect and based upon the appear¬ 
ance of the live animal and upon the carcass quality of relatives. 

The question of whether meat-animal breeders should try to'breed 
animals that are good in terms of all-round value and then breed them 
“Dure” or “straight” for commercial production, or whether they 
should develop some strains that are exceptionally good in some 
respects and then cross them with strains that are good in other ways, 

has not yet been definitely answered. 

American livestock men, and particularly beef-cattlemen, have 
tended to stress the development of desirable purebreds and then use 
them or their high grades for commercial production. An exception to 
this is the general use of the Brahman breed for crisscrossing with 
animals of the English beef breeds in the warmer areas of many of the 
Southern states. In this type of crossing the Brahman is used to give 
the offspring ability to tolerate heat, insects, and poor feed conditions, 
while the British blood is used to increase carcass quality. Even here, 
however, active efforts are being made to develop new breeds with a 
combination of the desired characters from crossbred animals. If suc¬ 
cessful, these new breeds can be bred straight and eliminate the 
necessity for crossbreeding. It is too early to evaluate the new breeds 
being developed. 

Most of the material in this and subsequent chapters assumes a 
breeding system aimed at developing animals of all-round value even 
if they are to be used for crossbreeding. 


* TYPE AS A BASIS FOR SELECTION IN BEEF CATTLE 

Legend tells us that the great pioneer English breeder, Robert 
Bakewell, gave attention to economy of production in his breeding 
operations in the eighteenth century. Many writers have stated that 
the master breeders of the past insisted upon high and economical 
production before animals found favor with them. We have no way of 
checking the accuracy of such statements. Satisfactory objective meas¬ 
urements have been developed only recently, however, and it seems 
probable that selection in beef cattle as in other meat animals has 
been primarily upon the basis of appearance. 

In any event, selection in beef cattle has long been based primarily 
upon show-ring winnings, or type evaluation has been based upon 
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show-ring standards “Type,” or the external appearance of a beef 
anima 1 , is fairly highly related to carcass value, at least in so far as 
ability to differentiate between rather widely separated grades is 
concerned. Thus, to this extent, type can be considered an item of 

r’lT* T POrtan u e u 1 It Sh ° Uld be em P has ' ze d, however, that 
the ability of even highly trained judges to predict differences in 

carcass quality of rather uniform-appearing animals is not great. A 
further point worthy of emphasis is that carcass quality is greatly influ- 
enccd by the amount of fat an animal has. 

T he beef market tends to be a discriminating one, as indicated bv 
the fact that, over a period of years, Choice steers have sold for only 
about 90 per cent as much per pound as those of the highest or Prime 
grade. Likewise, steers of the next lower, or Good, grade have sold 
for about 10 per cent less than Choice animals. Thus, it is necessary 
lor the beef-cattle breeder to pay considerable attention to type. The 
animals must have the essentials of good type which, without going 
into detail, can be described as being thick, deep, and fairly trim or 
smooth, with maximum development of the loin, rib, and round 
regions from which the highest priced cuts of meat come. Likewise 
the animal must have the ability to fatten at weights that will produce 
cuts of meat of sizes in demand by the housewife. 

The greatest danger in selecting beef cattle on the basis of type is 
that minor points of little or no economic value may be overempha¬ 
sized. Further, until factual data show definitely the value of a new 
type, it is easy to assume a value that may not exist, with the resultant 
development of a harmful “fad.” 

The latter may be illustrated by a situation rather widely studied in 
beef cattle. Over a long period of years, show-ring judges tended to 
favor an increasingly thick, compact, early maturing type of animal 
which had apparently been accompanied by some loss of siz£ and 
ruggedness. During recent years ultra-compact types known as com¬ 
pressed , or compacts , have arisen in various breeds and have won prizes 
at important shows. It has been assumed that such animals represent 
the ultimate in carcass value. 

Recent work at the Colorado Experiment Station has shown, how¬ 
ever, that carcasses from such small-type animals are not superior to 
those from conventional-type animals in yield, grade, or percentage of 
the high-priced cuts. In the feed lot the two types did not differ in 
efficiency of feed utilization when fed to the same degree of finish, but 
the small type did gain at lower rates and matured at lighter weights. 

Recent work sponsored by a major breed association has indicated 
that differences between the progeny of small, medium, and large 
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FIGURE 118. Contrasting i> |h s in beef cattle*. AImivc is a steer of conventional, ot 
large, type while the short compact, low-set steer Ixrlow is the small, or comprest. type. 
(Courtesy Colorado Agricultural Experiment Station) 
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slres in {jrotJuclive efficiency and carcass quality are smaller than 
would be expected, w.th most differences that do exist being in favor 
of an intermediate, or “middle-of-the-road,” type. 

In spite of commonly held opinions to the contrary, relationships 
between things that can be seen in an animal and other factors of pro¬ 
ductive importance are low or nonexistent. Thus, the use of produc¬ 
tion records is the best method of evaluating these things 


PRODUCTION RECORDS IN BEEF-CATTLE SELECTION 

Since meat animals arc kept for profit it would seem a simple matter 
to conclude that selection be directly for those things which have a 
direct influence on productivity and thus on profit. If type were per- 
ieefly con-dated with productivity it could logically serve as the sole 
basis for selection. This correlation or relationship is at best, however 
of a low order. Thus, the use of actual production records is a “must” 
if maximum progress is to be made. 

The case of measuring speed, milk production, and egg production 
in race horses, dairy cows, and laying hens, respectively, led to the use 
of production or performance records in selecting breeding animals in 
these classes of stock long before such records were used for meat 
animals. 

The problem of using production records in meat animals is more 
difficult than m the classes of stock just mentioned, because no one 
measurement accurately evaluates the worth of an animal. As a result 
of many studies during the past few years, however, we now have 
fairly clear ideas of the factors which should be considered. The exact 
emphasis that should be given each factor varies with conditions. For 
instance, in producing for a discriminating market, quality of product 
may be the most important factor to consider. On the other hand, in 
producing for a market which does not pay for quality, factors related 
to economy of production will be most important. 

The breeder who desires to keep production records on his herd 
should start only after careful thought has been given to the type of 
records to be kept and arrangements made to do the necessary weigh¬ 
ing. Inaccurate or incomplete records may do more harm than good if 
reliance is placed on them. Accurate pedigree records must be kept, 
and each animal must be positively identified by means of ear notches, 
eartags, brands, or tattoos. Accurate records of birth dates must be 
kept, and weight records should be taken at certain specified ages. In 
so far as possible all young animals should be raised under similar 
conditions of feed and management, since records of things such as 
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relative growth rate are worthless from a genetic standpoint if animals 
re fed differently. Animals should be kept under practical conditions, 
since records made under forced conditions (such as with nurse cows) 
ma y have little relationship to true value under normal conditions. 

It can be seen that the keeping of production records takes time and 
labor. It is a worthwhile task, however, since it serves the dual purpose 
of (1) guiding the breeder’s own program in a constructive fashion, 
and (2) aiding in the sale of breeding animals produced. 

The actual forms on which the records are kept will depend upon 
the preferences of the individual and the type of data being recorded. 
Usually records should be simple and in a form that will permit easy 
summarization. The record of one cow for a period of years should be 
on one sheet if possible. The record forms in Figs. 119 and 120 will 
serve as a source of ideas to the breeder. 

The following factors should receive emphasis in a beef-cattle breed¬ 
ing program: 

Regular Reproduction. To a large extent low reproductive rates 
should be self-limiting, due to the fact that cows producing irregularly 
will have fewer calves and thus will have fewer progeny available to 
propagate future generations. 

Available information indicates that regularity of calving is not a 
highly heritable character, but it is of great economic importance. 
The possibility that it is partially genetic, however, justifies paying 
attention to it in a selection program. For example, the selection of a 
herd bull or replacement heifer from a cow with a poor reproductive 
record would seem to be needlessly courting trouble for the future. 

Many herds make a general practice of culling cows that are dry 
one season. Certainly none that are dry two seasons, regardless of 
their merit in other regards, should be retained. This practice is to be 
strongly recommended if the herd is fed and managed so that an 80 
per cent (or higher) calf crop is obtained. With lower calf crops such 
intense culling might not be possible. 

Birth Weight of Calves. No one would advocate breeding beef 
cattle for extremely heavy birth weights because of the difficulties 
which cows would probably have in giving birth to their calves. 
Within the normal weight range, however, the heavier calves tend to 
grow faster to weaning. Birth-weight records are not an indispensable 
item in performance records but do form a valuable supplement to 
other records. Where calves can be conveniently weighed at birth this 
record is to be encouraged. 

Weaning Weight of Calves. Weaning weight is important to all 
beef-cattlemen because, in general, gains made prior to weaning are 



376 


THE ART OF BREEDING 




FIGURE 119. An individual bccf-cow record sheet, giving information on pedigree 
Size, type, and productivity. (Coutresy Tennessee Agricultural Experiment Station) 


cheaper than those made later. The producers of calves for slaughter 
at weaning or of feeder calves are particularly interested in weaning 
weights because their income depends to a great extent upon weight 
available for sale at that time. Weight at weaning depends partially 
upon the heredity of the calf itself and partly upon the mothering 
ability (perhaps largely milk production) of the dam. The importance 
of the heredity of the calf itself is emphasized by a summary made 


Table 47. Estimates of the Heritabilily of Various Characters in Beef Cattle * 

Character Probable Heritabilily 

Birth weight. Various estimates: 10 to 50 per cent 

Weaning weight. About 30 per cent 

Rate of gain in feed lot. 30 to 75 per cent 

Type score at weaning.Various estimates: 0 to 30 per cent 

Carcass grade. About 30 per cent 

Area of eye muscle. About 65 per cent 

* Estimates made by rounding the figures from various published and unpublished 
experiments. Most figures are from Knapp and Clark, Journal of Animal Science , 9: 
pp. 582-587, 1950. 
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FIGURE 120. Reverse side of record shecl shown in Fig. 119. 


recently by one of the authors. All available data from experiments 
conducted in Southern states on the performance of Brahman X 
British-type calves showed that the Brahman crossbreds were on the 
average 28 lb. heavier than British types. Since all calves were out of 
similar British-type dams this difference must be attributed to the 
heredity of. the calves. 

Mothering ability of the dams is also of great importance in influ¬ 
encing weaning weights of calves. Some recent Texas results at the 
Lufkin substation emphasize this fact. 


Breed of sire 

Breed of dam 

Average calf 
weaning weights , lb. 

Hereford 

Brahman X Hereford 

465 

Brahman X British 

Hereford 

345 


In this test the calves were similar genetically, all having three- 
fourths Hereford and one-fourth Brahman breeding. The differences 
in weaning weight must be attributed to the influence of the mothers. 
Whether this influence is due primarily to milk production as com¬ 
monly supposed, or whether other things are also important, is not 
definitely known. 
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As shown in Table 47 (page 376), weaning weight is about 30 per 
cent heritable. Consistent selection of herd sires and replacement 
cows that were themselves heavy at weaning should result in im¬ 
provement. Whether this improvement comes largely from improved 
ability of the calves to grow or from improved maternal abilities of 
cows is immaterial since selection is automatic for both or for which¬ 
ever of these is most important. 

The magnitude of differences between the performance of different 
cows is often not recognized and may be overlooked entirely if sys¬ 
tematic weights are not taken. As an admittedly extreme example, a 
summary of production records for 1948, 1949, and 1950 of a group of 
cows at the Tennessee Experiment Station showed that three calves 
of one cow were appraised for slaughter at weaning time at an average 
of $137.78, while those of another were appraised at an average of 
$87.52, a difference of $50.26. Some of the difference was due to the 
grade of calves, but most of it was the result of one cow’s calves being 
considerably heavier. Both cows were grade Hercfords of the same age, 
within each year the calves were by the same sire, and the cows and 
the calves were managed alike. 

Cows tend to repeat their relative performance from year to year 
and a considerable improvement can be made in a herd by culling 
those cows whose first (or first and second) calves arc inferior in wean¬ 
ing weight. 

Weaning weights must either be taken at the standard age or have 
some adjustment made to a standard age basis if calves of different 
ages arc to be fairly compared. Since in usual herd management it is 
impossible to weigh each calf as it reaches the standard weaning age, 
some provision must usually be made for adjusting weights. 

Recent examination of growth curves of calves in a number of 
experiment stations’ herds indicates that calves tend to gain at a 
rather constant rate per day during the period up to six or eight 
months of age, which covers the usual weaning ages. Calves can there¬ 
fore be weighed in groups when their ages average near the standard 
age. The weight per day of age can then be calculated for each calf 
and this figure used to adjust weights to a constant age basis. 

For example, if a calf weighs 360 lb. at 195 days, he weighs 1.85 
lb. for each day of age. If the standard weaning age is 210 days an 
approximation (close enough for usual purposes) of what the calf 
would weigh at 210 days is obtained by multiplying 1.85 by 15 and 
adding the product of 27.75 lb. (better round this to 28 lb.) to the 
actual weight at 195 days. Thus the estimated 210-day weight is 
360 + 28 = 388 lb. 
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I ess work will be involved and comparisons of preweaning growth 
^es between calves will be just as valid if use is made merely of the 
weight per day of age without going to the trouble of converting to a 
toward aec. Many prefer this simple method. 

S Age of the dam is related to weaning weights of calves. Various 
studies have shown that weaning weights gradually ■ncrease u t ' 

1 is S even or eight years old, and then tend downward The actual 
amount by which calves from, for example, three-year-old cowsare 
lighter than those from mature cows has varied from about 20 lb_ 
over 70 lb. in different studies. Probably the magnitude of age differ¬ 
ences depends to a large extent on management conditions The 
breeder must make allowance for ages of dams in accordance with the 
actual observed differences in his herd. Bull calves commonly out¬ 
weigh heifers at weaning by from 20 to 40 lb., but here again great 

variation occurs from herd to herd. . ... 

Performance of Calves after Weaning. The production of milk- 

fat calves for slaughter directly off the cow at weaning time, in much 
the same way that fat lambs are produced, is gaining in popularity in 
the United States, especially in the South. In this type of productio , 
calf performance after weaning is of no importance. 

The great majority of beef cattle, however, are held for further feed¬ 
ing or pasturing before being marketed. Their performance during 
this period has a great effect on the eventual profit returned to the 
feeder. To return maximum profit the animal during this period 
should (1) make rapid gains, (2) make efficient use of the feed con¬ 
sumed, and (3) produce a quality product. 

The animal that gains rapidly during this period has to be fed fewer 
days, with a resulting saving in labor. Too, a rapid-gaining animal per¬ 
mits a more rapid turnover of capital. Or, if all animals are fed the 
same length of time, the fast-gaining one will produce a greater quan¬ 
tity of product and thereby in effect expand the volume of the business 
operation. The rapid-gaining animal also tends to be the most efficient 
in the use of feed; that is, he uses fewer pounds of feed per pound ot 
gain than does a slow gaining one. This relationship is far from a 100 
per cent one, but selection for rapid gains will give some automatic 
selection for efficient gains. Actual efficiency is so greatly influenced 
by weight of animal at the beginning and end of the test period and by 
variation in degree of finish that its direct determination is difficult. 
Until experiment stations have developed better methods of measuring 
efficiency directly, most breeders must be content to select for effi¬ 
ciency indirectly through selecting for high rate of gain. 

Extensive research work carried on in recent years by various state 
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FIGURE 121. Appearance may noi lx- a good indicator of a bull s breeding value. 
Calves sired by the bull at the top averaged 42 lb. heavier at the end of a feeding 
period and produced higher grading carcasses than calves sired by his more attractive 
half-brother shown in the lower photo. (Courtesy of Bureau of Animal Industry , U.S. 
Department of Agriculture) 


experiment stations and the Bureau of Animal Industry of the U.S. 
Department of Agriculture, particularly in Montana, Texas, and 
Virginia, has amply demonstrated that (1) tremendous variation 
exists between individual animals and between sire progenies in ability 
to make rapid gains, and that (2) these differences are highly heritable. 
Table 48, showing the results of feeding steer progenies from 13 sires 
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during the winter of 1948 to 1949 at the Miles City (Montana) station, 
illustrates the wide variation commonly observed, not only in rate of 
train but also in efficiency of gain and in carcass quality. 

6 It will be noted in the illustration that the best sire progeny returned 
SI48 per head above feed costs, while the poorest progeny returned 
only SI03, a difference of S45 per head. If feed and beef prices had 
been in a less favorable ratio, having the right sire might have made 
the difference between profit and loss. 


Table 48. Typical Variation in Progenies of Sires. Average Results of Record of 
Performance Feeding of Eight Steers from Each of 13 Bulls in 1948-1949 
(252 -day feeding period , Miles City y Montana) * 


Bull No.^ 

T1 

T2 

T3 

T4 

T5 

T6 

T7 

T8 

T9 

T10 


T12 

T13 

Progeny records: 
Birth weight. . . . 

83 

l> 

81. 

79 

82 

73 

E 

82 

92 

81 


80 

83 

Weaning weight. 

401 


433 

399 

397 

374 

E2 

460 

464 

422 

418 

438 

392 

Final feed-lot 
weight. 

934 

940 


965 

966 

893 

1079 

1040 


981 

998 

959 

868 

Average daily 

2.12 
G — 

2 17 

2.27 

2.25 

2.26 

2 06 

2.32 

2.30 

2.34 

2 22 

2.30 

2.07 

1 .89 

gain. 

Slaughter grade. 

G + 

G + 

G 

G + 

G 

G + 

G 

G + 

G + 

G 

G 

G- 

Returns above 
feed costs. . . . 

SI 13 

116 

123 

126 

121 

112 

148 

136 

137 

126 



103 


* From U.S. Department of Agriculture unnumbered publication “Research 
Work Conducted at U.S. Range Livestock Experiment Station, Miles City, Mon¬ 
tana, in Cooperation with the Montana Agricultural Experiment Station.” 


Gaining ability of cattle in the period after weaning can be evalu¬ 
ated in feed-lot tests, preferably of 150 days or longer. Rations fed 
should be of the type commonly used in the area. To test the ability of 
cattle to perform on heavy concentrate rations, full feeding of grain 
rations should be practiced. The use of rations high in roughage should 
provide a test of an animal’s ability to utilize grass and hay effectively. 

Groups of steers can be fed to progeny-test sires, as was done in the 
Miles City tests referred to above. The advantage of this practice is 
that carcass information can be obtained. Such tests take a consider¬ 
able amount of time, however, and the practice is increasing of feed- 
lot testing of prospective breeding animals themselves. Rate of gain 
is so highly heritable that an animal's own performance is a relatively 
good indicator of the heredity it carries for this quality. In such cases 
progeny testing adds but little to the accuracy of estimating an animals 
genotype, so little in this case as to make it doubtful if progeny testing 
can be justified. 
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In tests at Miles City, Montana, and at the Virginia Experiment 
Station, bulls have been feed-lot tested for ability to gain, then bred to 
random groups of cows and their steer progenies fed out. There has 
been a relatively high correlation between the performance of a sire 
and that of his get. 

By test-feeding groups of young bulls from various sires, progeny 
tests of the sires and individual tests of the young bulls themselves are 
obtained simultaneously. For a number of years the Texas Experiment 
Station has been carrying on tests of this kind in cooperation with 
breeders. Breeders send young bulls to the testing stations in sire 
progeny groups (usually three to six animals) and they are fed for a 
test period of about 150 days. On the assumption that Texas beef 
cattle need more to be bred for ability to utilize roughage than grain, 
the rations fed contain about 65 per cent roughage and 35 per cent 
concentrates. All components of the rations are ground, mixed, and 
self-fed. 

Considerable variation has been observed. For example, in the 
1950-to-1951 tests at the Balmorhea substation some pertinent results 
(average daily gains) for 111 Hereford bulls were: 


Average Daily Gains Pounds 

Fastest-gaining bull. 3.23 

Fastest-gaining sire progeny. 2.86 

Slowest-gaining progeny. 2.03 

All bulls tested. 2.40 


Whether a breeder can or cannot enter some of his cattle in an 
organized test such as this, he can and should keep growth records of the 
potential breeding animals on his farm or ranch. Growth rate can then be 
considered as one important factor in making selection of replacement 
stock. 

Type and Carcass Evaluation. The factor of human judgment 
enters into any satisfactory method of evaluating type yet developed. 
Thus, type evaluation must be considered as subject to more error 
than the measurement of weaning weight or growth rate. 

However, as long as the cattle market is a discriminating one, type 
is an important factor in the profitability of the beef-cattle business 
and it must be taken into account in a selection program. It can best 
be evaluated in a systematic way by giving every animal a numerical 
grade or score at some standard age or ages. Some breeders score 
their cattle at weaning time and yearly thereafter. The most important 
time to grade animals is at the age or weight corresponding to that at 
which cattle are normally marketed. Type evaluation at this time will 
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IGURE 122. Angus bull ( top ) Prince Sunbeam 249th, 1948 Grand Champion bull 
t International Livestock Show, shown by Ellcrslie, Charlottesville, Va.; and cow 
bottom ) Eileenmere’s Effie VV., Grand Champion female, 1948 International Live- 
tock Show, shown by J. Garrett Tolan Farms, Pleasant Plains, Ill. (Courtesy of 
American Aberdeen Angus Breeders Association) 
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most nearly represent the degree to which animals arc of desirable 
market type and have the ability to fatten at the desired age. 

Various scoring and grading systems have been used. The actual 
system is not so important as the systematic use of the system selected. 
A widely used system is as follows: 


2 ] 

4 

6 


Prime or Fancy 


8 

10 

12 


Choice 


14 

16 Good 
18 


20 

22 

24 


Medium 


26 

28 Common 
30 


The numbers within a grade are used to indicate whether the animal 
is at the top, in the middle, or at the bottom of the grade. 

Another rather widely used system, which has the advantage of 
simplicity and easily understood description is shown in Table 49. 

Experience and rigid adherence to the ideal of type will help some¬ 
what in holding scoring standards constant from year to year. If each 
animal is scored at standard ages the scores will represent a valuable 
record of conformation. 

It must be recognized that the apparent desirability of type in an 
animal changes from time to time depending upon age, amount of 
flesh, general health, and so on. This occurs in spite of the fact that, 
genetically, the animals do not change in their ability to transmit type 
to their offspring. Recent reports from the Arkansas Station, in which 
all animals in a herd were scored by three or more persons twice 
annually for a period of 10 years, indicate that: (1) Permanent differ¬ 
ences between animals accounted for about one-half the variation in 
scores; (2) type scores of heifers tend to decline around the first calving 
and then improve to about five years of age, and (3) although men 
did not always agree, this was a relatively minor source of variation in 
the scores. 

Type ratings should be recognized for what they are, namely, a fair 
indication of potential carcass quality. In spite of common beliefs to 
the contrary, available evidence indicates that type at best is a poor 
indicator of ability to gain or of other items of productive importance. 
These things can be adequately measured only by actual performance. 
It is just as much of an error to take type as the only item considered 
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Table 49. Grading Guide for Beef-cattle Records of Performance * 


-- 


Description 


Grade 

desig¬ 

Numerical 

value 

Breeding cattle 

Market cattle 

nation 


Feeders 

Slaughter 


100 (1+) 

The top of the grade repre¬ 

Strictly fancy 

Strictly prime, ca¬ 


97 (1) 

sents outstanding animals 

or select 

pable of credit¬ 

Grade 1 

94 (1-) 

in strong competition. The 
middle and lower ends of 
the grade represent excel¬ 
lent breeding animals 
from thestandpointof type, 
conformation, quality, 

and character, capable of 
making a good showing 
in strong competition. 


able showing in 
strong, single or 
carlot competi¬ 
tion 


91 (2 + ) 

Cows in Grade 2 arc good 

Top choice 

Top choice 


88 (2) 

enough to retain for breed¬ 

Choice 

Choice 

Grade 2 

85 (2-) 

ing test in purebred herds. 
This is a practical top for 
commercial cattle. The 
top of Grade 2 represents 
the best of range bulls; the 
lower end, of herd bulls. 
Cattle in this grade are 
well down the line or out 
of the money in strong 
competition. 

Low choice 

Low choice 


82 (3+) 

Cows usually should be 

Top good 

Top good 


79 (3) 

culled from purebred 

Good 

! Good 

Grade 3 

76 (3-) 

herds; good commercial 
cattle; bulls rarely ca¬ 
pable of making much im¬ 
provement except on very 
plain cattle. 

Low good 

Low good 


73 (4+) 

Plain, upstanding, thin- 

Top medium 

Top commercial 


70 (4) 

fleshed, slow-maturing 

Medium 

Commercial 

Grade 4 

67 (4-) 

cattle lacking in quality 
and character and having 
serious defects in confor¬ 
mation. Should be culled 
from commercial herds. 

Low medium 

Low commercial 


•From California Agricultural Experiment Service Circular 131, 1946. 
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I-'IGURE 123. Hereford bull {lop) MW I.arry Mixer 1st, Champion Hereford bull of 
the 1949 American Royal Livestock Show, Kansas City, Mo. Bred and shown by the 
Milky Way Hereford Ranch, Phoenix, Ariz.; and Hereford cow ( bottom ) JJ Gertrudis, 
Reserve Champion Hereford female of the 1949 American Royal Livestock Show, 
Kansas City. Mo. Bred and shown by Jack Haley, Escondido, Calif. {Courtesy of 
American Hereford Association) 
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in selection (as is now so often the case) as it would be to ignore it 
completely. 

feeding and management in beef-cattle selection 

Farlier in this chapter it was pointed out that animals should be 
raised under as uniform conditions of feeding and management as 
nnssible. If this is not done the effects of differences in feeding and man¬ 
agement may overshadow hereditary differences and lead the breeder 

astrav in his selections. 

It has long been recognized that half-starved animals, no matter 
what heredity they carry, tend to resemble unimproved types. I his 
probably explains the origin of the old saying “half the breeding goes 

d °i> n is t often impossible to maintain entirely uniform conditions for 
animals within a single herd. The problem is greatly complicated if 
animals are being purchased from other herds. In cither case the 
breeder is faced with the problem of how to evaluate known diner 
ences in environment so far as their effects on type and performance 

of possible breeding animals is concerned. . . . ,, 

In all meat animals, but especially in beef animals, a fat animal 
appears to be of superior type to a similar but thinner one. For' this 
reason a fat animal will ordinarily place higher in a show or sell for 
more money in an auction ring. This is the reason so many show and 
sale animals are forced with nurse cows and heavy concentrate ra¬ 
tions to high and often excessive degrees of finish. 

The question the practical breeder, interested in true improvement 
more than immediate sales value or show-ring glory, has; to answer 
is how he can make allowances for such environmental differences in 
selecting breeding stock. No definite rules can be given, but certainly 
an animal raised under poorcr-than-avcragc conditions should be 
given some credit above what its performance and apparent type 
would entitle it to. Similarly, the appearance and perlormance ol an 
animal known to have been forced should be discounted somewhat. 
Rather definite allowances can be made for some things such as the 
effect of the age of the mother on the weaning weights of her calves. 

Every livestock breeder is faced with another question. Should he 
maintain his herd under conditions typical of those under which 
commercial herds of the region arc raised? Or, should he provide 
better feeding and management in order to bring out the highest per¬ 
formance and best type of which his animals are capable? 

Although the second plan (good feeding and management) is the 
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usual one with purebred herds in many areas today, the first plan 
seems to be the most logical. Selection of animals under the same con¬ 
ditions where they will be bred commercially should automatically 
select those animals whose progeny can be expected to do well under 
the same conditions. 

Some authorities feel, however, that unfavorable feeding and climate 
conditions put a ceiling on both growth and development of type so 
that effective selection is impossible. They feel that good feeding is 
necessary to bring out hereditary differences so that selection will 
have a chance to be effective. Little experimental evidence is yet 
available regarding which of these opposed viewpoints is correct. 

At the present time considerable effort is being devoted to develop¬ 
ing strains of beef cattle carrying Brahman blood and adapted to use 
in the subtropical areas of some Southern states. The best-known of 
these strains is the Santa Gertrudis developed on the King Ranch in 
Texas. It would be utter folly to transfer the purebred herds of this 
breed to the more favorable climate of the Middle West, where the 
cattle would probably do better but where selection for ability to 
withstand the subtropical conditions would be impossible. 

The majority of commercial-beef herds are maintained on forage, 
often on range too poor to fatten market animals. Many of the steers 
and heifers produced arc fed out on concentrated feeds after weaning 
cither on the same farm or ranch or after shipment to areas of the 
country with surplus grain. Most beef animals thus need the ability 
to (1) live, reproduce, and grow on forage often lacking in amount 
and quality, and (2) fatten rapidly and produce good carcasses on 
good feed. 

Therefore, a logical system for use in raising sires for commercial 
use would be to keep the purebred breeding herd under typical com¬ 
mercial conditions and raise all calves there to weaning. At weaning, 
the undersized or undesirable calves could be culled. The remainder 
would be put on feed and further culling done on the basis of rate and 
efficiency of gain and apparent body type after a feeding period. 

SELECTING DUAL-PURPOSE CATTLE 

As the name implies, dual-purpose cattle are bred for the production 
of both milk and meats. The objective of most breeders of cattle of 
this type is to produce cattle that give more milk than a calf needs 
and at the same time are reasonably good in beef characters. Such 
cattle can be used in a number of ways. Most commonly the calves 
are doubled up, with two or more being raised by each cow. The 
remaining cows are then milked. 
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The difficulty in breeding this class of stock stems from two facts: 

1 As previously discussed in the chapter on Principles of Selection, 
lection for two or more characters automatically lowers the intensity 
ITf selection for each one. Thus, in selecting for both milk and beef 
finalities selection for neither can be as strong as would be desired. 
q 2 Observation indicates that beef and milk production are to some 
degree antagonistic. If this antagonism is strong it may never be pos¬ 
sible to breed dual-purpose cattle that are outstanding in both regards. 



FIGURE 124. Lassie of W.T. 92607, Grand Champion Red Poll female ai ihc 1''49 
Indiana State Fair. The Red Poll is a dual-purpose breed of cattle. (Courtesy oj Purdue 
University) 

No new principles arc involved in breeding dual-purpose cattle. 
Those previously discussed for dairy and beef cattle both apply to 
this class of livestock. Their milk and butterfat production can be 
evaluated by the same tests used for dairy cattle and their bccl quality 
by tests outlined for beef animals. 

As compared to other classes of livestock, relatively little experi¬ 
mental work has been done with dual-purpose cattle. Their popu¬ 
larity with small farmers in many parts of the country is a testimonial 
to the success of breeders in developing animals which reasonably 
well combine the two desired characters. Dual-purpose breeders 
want about a 50: 50 combination of beef and milk genes. Discovering 
the animals that come closest to having such a genetic make-up, by 
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testing and record keeping and followed by intelligent mating and the 
use of some degree of linebreeding, should produce superior strains 
of dual-purpose animals. 


SUMMARY 

Beef cattle are raised to convert forages and feeds of plant origin 
into beef—a product usually considered more tasty and nutritious 
than the feeds it takes to make it. In some areas of the nation, beef 
cattle receive little feed except roughage, while in other regions large 
amounts of grain are fed to fattening cattle. To breed cattle for either 
system, selection of breeding stock should be for those animals having 
the ability to convert efficiently the available feeds into a quality 
product so the producers will make the largest possible profits. Care¬ 
fully kept production records are a necessity if selections of breeding 
stock are to be accurately made. These should include records of (1) 
regularity of reproduction, (2) birth weights, (3) weaning weights, 
(4) growth rates after weaning, and (5) type and carcass grades. 
Animals with highest ratings in these characters should be used for 
breeding. 


QUESTIONS 

1. List some things that make it easier to select beef than dairy cattle. 

2. In what ways do dairy cattle have advantages? 

3. What docs the profitable production of beef cattle depend upon? 

4. Describe briefly the essential features of good type in beef cattle. 

5. What are some of the dangers of selecting beef cattle solely on the basis of 
type? 

6. Why is it difficult to use production records in selecting meat animals? 

7. Why is rapid growth a good characteristic for beef cattle to have? 

8. At what ages will most beef cows wean their heaviest calves? 

9. Why are heavy weaning weights of calves desirable? 

10. Discuss the influence of age and level of feeding on apparent type in 
beef cattle. 

11. Why arc sale and show cattle often fattened excessively? 

12. If you were breeding cattle for the production of bulls for sale to range 
men would you keep your breeding herd on the range or would you 
keep them on a higher level of nutrition? Why? 

13. What are dual-purpose cattle? 

14. Outline the difficulties involved in breeding dual-purpose cattle. 



Chapter 24 


SELECTING sheep 


Selection Goals in Sheep 
Western Sheep Breeding 
Laboratory 

Performance Records in 
Sheep Selection 

Use of Records in Sheep Selection 


There are a great many types of sheep in existence. They are raised in 
the United States under a greater range of environmental conditions 
and management systems than is true of any other class of livestock. 
The first job of the sheep breeder is, therefore, to select the type and 
breed of sheep adapted to the conditions under which operations will 
be carried on and where breeding stock will be sold. 

Sheep found in the United States are of three general types, the 
fine-wool, the long-wool, and the medium-wool, or “down,” with each 
type being represented by several breeds. 

In Colonial America, sheep were grown almost entirely for the 
purpose of producing wool. This led shortly to the formation of the 
American Merino, based upon importation of fine-wool sheep from 
Spain, the original center of world fine-wool production. Production 
of the American Merino was originally confined to the Atlantic sea¬ 
board states, but soon spread to other areas. Many subtypes of the 
American Merino, mostly known as Delaine Merinos , have developed, 
and in spite of some mergers there are still three record associations 
for Merino sheep in the United States. The Merino type varies 
greatly, some being small thin animals of poor carcass quality. These 
animals, known as Type A, are heavily wrinkled, but produce a fine, 
dense, heavy fleece of short wool. Types range from these to a heavy, 
low-set animal producing a fair carcass, but generally lacking wrinkles. 
They have a heavier but less fine and dense fleece and are known as 
Type C or Delaine. A third intermediate type is known as Type B. 

Also working from Spanish foundation stock, the French developed 
the Rambouillet, a breed with greater size than the American Merino. 
They were brought to America to serve primarily as wool producers. 
In recent years, greater attention has been paid to fleshing properties, 
more by some breeders than by others, but the carcasses are not of so 
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I KU RK 125. (.-lArtr) A champion B-typc Rambouillet rain showing heavy neck 
folds and a moderate degree of wrinkling on die body; {below) a range Rambouillct 
ram almost free from wrinkles. Note the difference in degree of face covering in these 
jwo rams. {Courtesy of Bureau of Amina/ Industry , V.S. Department of Agriculture) 
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h' h a grade generally as those from the Down breeds. As with the 
American Merino there are variations in amount of skin wrinkles 

d at some shows the animals are divided into B and C types. 

^The long-wool breeds have long, coarse wool and are big, rugged 
sheep with the ability to produce heavy cuts of meat. They were 
developed in Great Britain primarily to serve as meat animals, sup¬ 
plying the large, fat legs and roasts in demand in England a century 

^TheTvarious Down breeds of sheep—Southdown, Shropshire, Ox¬ 
ford, Hampshire, and so on—have been developed to fill the void 
between the fine-wool and long-wool types. They arc, in a sense, a 
happy medium between the two 
extremes, with the very great 
added advantage of producing 
carcasses of very superior quality. 

The Down breeds and Merinos 
have in general been bred and 
kept relatively pure in the Middle 
West and the East, while breeding 
practices in the West provide one 
of the best American examples ol 
the crossing of markedly different 
types for commercial production. 

The fine-wool types are char¬ 
acterized by vigor, hardihood, 

ability to subsist on sparse range, . . ■ r f . 

• a , . . . . illustrating the long-wool type of sheep, 

and a strong flocking instinct that (cw American Cotswold Record Associa- 
tends to keep them in compact lion) 
hands and reduce losses from 

straying and from predatory animals. Because of these qualities, the 
great majority of Western-range ewe flocks have a basis of fine-wool 
breeding, predominantly Rambouillet. 

In efforts to increase the size, improve carcass quality, and to 
lengthen the staple of wool produced, crosses to long-wool rams have 
been made and many range flocks today carry varying percentages o! 
long-wool breeding. In areas where feeding conditions are good enough 
to permit the production of fat lambs at weaning, rams of the Down 
breeds (principally Hampshires and Suffolks at present) arc crossed 
on grade Rambouillet ewes and the resulting lambs all marketed. 

A combination and extension of the above crosses serves as the basis 
for much of the sheep industry of the Pacific Northwest. Lincoln X 
Rambouillet crosses are made and the ewe lambs raised economically 



FIGURE 126. A yearling Cotswold ram 
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to yearling age on rather sparse ranges, usually in Montana or Idaho. 
These ewes are sold as yearlings to sheepmen in better range areas, 
principally Oregon and Washington, where they are bred to Hamp¬ 
shire or Suffolk rams and all the lambs marketed. Such sheepmen 
buy all their replacement ewes. Their own operations are compara¬ 
tively expensive, making it cheaper to buy replacements than produce 
them. 

Even under conditions such as those outlined above, breeds with a 
combination of fine- and long-wool breeding are being developed. 


FIGURE 127. A Hampshire ram illustrating the medium-wool type of sheep. 
(Courtesy American Hampshire Sheep Association) 

If successful in attaining their objective, breeds such as the Columbia, 
Corriedale, Panama, and Targhee may ultimately attain a productive 
level that will make continued crossbreeding unnecessary. 

SELECTION GOALS IN SHEEP 

After the type or types of sheep to be raised have been determined, 
the second task of the breeder is to improve the productivity of the 
type of sheep selected. Although in former years many sheep were 
kept almost exclusively for wool production, with aged wethers often 
being used for this purpose, the sheep industry is today almost uni¬ 
versally on a dual-purpose basis, that is, both wool and meat animals 
(usually lambs) are major products, with the relative importance of 
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the two varying considerably in various areas. For example, in the 
semiarid region* of the Southwest, where ranges are so sparse as to 
make the production of milk-fat lambs impractical, lambs usually 
sell as feeders at lighter weights and lower prices than those at which 
milk-fat lambs sell in areas where their production is possible How¬ 
ever, high-quality fine wool can be produced under these conditions. 
Thus, wool is relatively a much more important product in the South¬ 
west than in better range areas or under farming conditions such as 
prevail in the Middle West. 

Regardless of the relative emphasis given to wool and lamb pro- 
duction, the general objectives of sheep breeders are very similar, 
namely, to produce as many pounds of lamb as possible per 100 lb. 
of ewe and as much high-quality wool as possible. They must pay 
attention to prolificacy, ease of lambing, milking ability, and natural 
fleshing. As with dual-purpose cattle, some of these qualities arc 
probably more or less antagonistic. If undue selection for wool pro¬ 
duction and milking ability is practiced, natural fleshing is apt to 
suffer and vice versa. In addition the breeder must pay attention to 
general vigor and longevity, since susceptibility to diseases, parasites 
or too rapid turnover of the flock all reduce immediate profit and 

lessen the effectiveness of selection. 

As if all these things were not enough to worry about in a breeding 
program, the purebred sheep industry is plagued with a diversity of 
breed trade-marks—some of which are actually harmful from the 
standpoint of productivity. Two “fads” that developed in certain 
sheep breeds are among our best examples of the dangers in allowing 
selection to be directed toward mere trade-marks. 

It was long assumed that sheep with wrinkled skin would have more 
area upon which to grow wool and would therefore produce heavier 
fleeces than smooth-bodied types. Another apparently equally logical 
assumption was that a covering of wool extending well down over the 
face should be related to a strong wool-growing tendency and there¬ 
fore indicative of fleece production. The first assumption served as the 
basis upon which some breeds of fine-wool sheep were selected for an 
extremely wrinkled condition. Fine-wool and medium-wool breeds 
were, in some cases, selected for an extensive face covering—extending 
in extreme cases clear to the muzzle. 

Systematic studies over a period of years, especially by the U.S. 
Department of Agriculture and the Texas Agricultural Experiment 
Station, have shown that the wrinkly types of sheep do produce more 
pounds of grease wool than the smooth types. The differences prac¬ 
tically disappear when the dirt and grease is removed in scouring, 
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however so that the weight of clean wool produced by the two types 
■s almost equal. In addition, the staple length was longer in the 
smooth types, and fiber diameter was more uniform. Observation 

o flv tri tI C S T ty P CS 3re Casier l ° Shear and less suscc ptible 
to fly-strike. Thus, the evidence seems to be clear that the wrinkly 


FIGURE 128. Variation in degree of face covering in sheep. The animals shown in 
{E) and (F) arc definitely “wool blind.” (Courtesy of Western Sheep Breeding Laboratory 
Dubois^ Idaho) ’ 


types do not have the wool-producing superiority claimed for them 
and that they are undesirable in other respects. 

Extensive studies have likewise shown that extreme face covering is 
undesirable. The excessive growth of wool covers the eyes and causes 
“wool blindness” which interferes with the ability of the animal to 
eat. Figures in Table 50, taken from a recent report from the Western 
Sheep Breeding Laboratory, indicate that under range conditions 
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Rambouillet ewes with covered faces are seriously deficient: in lamb 
production. The last column in the table, indicating a difference o 
11 1 lb. in lamb produced per ewe bred, is especially striking 

Not only were the covered-faced ewes inferior in lamb production, 
but were not importantly superior in wool characters. A few state- 
ments from the report 1 give a concise summary of the work. 


Ewes with open faces produced 11.3 per cent more lambs and 
11.1 more pounds of lamb per ewe bred than those with covered 
faces. Ewes with partially covered faces weaned 8.6 per cent 
more lambs and 7.7 more pounds of lamb per ewe bred than 
those with a covered face. Differences in face covering within 
these groups were associated with corresponding differences in 
lamb production. These advantages for ewes with open faces 
occurred in spite of three periodic clippings around the eyes of 
all ewes subject to wool blindness. 

About 46 per cent of the advantage of open-faced ewes was due 
to a greater number of lambs born per ewe lambing; 26 per cent 
was due to higher weaning weights; 19 per cent was attributed to 
a higher proportion of the ewes becoming pregnant; and 9 per 
cent was due to greater viability to weaning of offspring. 

Open-faced ewes excelled covered-faced ewes in lamb produc¬ 
tion at each year of age. The greatest advantage of open-faced 
ewes in pounds of lamb per ewe bred was found at 3 years of age 
followed in order by 2, 4, 6, and 5 years. 

The yearling grease and clean fleece weights and staple lengths 
of 2,499 Rambouillet ewes and the lifetime grease fleece weights 
of 798 Rambouillet ewes were slightly greater for covered-faced 
ewes than for those with open faces. The differences were not 
significant except for staple length and were not large enough to 
be economically important. 

The great economic importance and high heritability of face 
covering indicate that it should receive as much or more attention 
in selection than any other trait in sheep if wool blindness is a 
problem. 


The moral to be drawn from such studies is obvious, namely, that 
present-day breeders should critically examine existing breed stand¬ 
ards and, if necessary, experiments should be carried out to determine 
whether they are compatible with the production of the most efficient 
and profitable animals. Obviously, such critical tests should be ap- 


Journal of Animal Science , August, 1949, pp. 360—361. 
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Face covering 


Open 
Partially covered. . 
Covered 


No. of 
ewe 

years 

Per 

cent 

ewes 

lamb¬ 
ing of 
ewes 

bred 

Per 
cent 
lambs 
born of 
ewes 

lamb¬ 

ing 

-• 

Per 

cent 

live 

lambs of 
lambs 
born 

Per 

cent 

lambs 

weaned 

of live 

lambs 

born 

* iuuuci, 

Av. 

wean¬ 

ing 

wt. t 

lb. 

It/71 

Per 
cent 
lambs 
weaned 
Per ewe 
bred 

286 

95.5 

126.7 

91.9 

89.0 

76.3 

99.0 

845 

95.4 

142.2 

92.3 

88.1 

74.8 

96 3 

1,557 

91.9 

119.7 

90.0 

88.6 

73.4 

87.7 


Lb. of 
lamb 
weaned 
per ewe 
bred 


' . .i p. jdo. 

Pl ‘f d ,'° f f ds ’ ^ hich are certain to be started in the future, before and 
not after they have become so widespread as to seriously hurt a breed. 


WESTERN SHEEP BREEDING LABORATORY 

The largest and most highly organized project devoted to sheep- 
breeding research in the United States is the Western Sheep Breeding 
Laboratory established at Dubois, Idaho, in 1937. It has operated 
since that time under the guidance of Director J. E. Nordby It is 
utilizing the facilities developed by the Bureau of Animal Industry 
Sheep Experiment Station, which was organized at Dubois in 1917 
and in addition, the experiment stations of the 11 Western states 
and I exas are cooperating. 

In the work, which includes the Rambouillet, Columbia, and 
larghce breeds, attention is directed toward selecting for characters 
of economic importance for the area, including weight and type of 
lamb and fleece characteristics. Selection is also being practiced 
against the two traits of wrinkled skin and “wool blindness” discussed 
previously. 

Definite progress has been made in improving sheep, especially for 
some of the more highly heritable characters. Because of the rela¬ 
tively slow rate of reproduction in sheep, inbreeding advances more 
slowly than is the case with hogs. 

Inbreeding is being done with about 30 Rambouillet lines and 8 to 
10 lines of each of the other two breeds. Non-inbred control stocks are 
also being carried to see whether the greatest progress can be made 
with or without inbreeding. 

Many publications on factors associated with productivity in sheep, 
methods of evaluating breeding animals, heritability of various traits, 
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and other things about which information is needed in properly 
carrying out a research program in sheep breeding have already 
come from the laboratory. Many of these have served as at least a 
partial basis for much of the material of this chapter. 


PERFORMANCE RECORDS IN SHEEP SELECTION 

The keeping of production records on sheep, and their intelligent 
evaluation in making selections, necessarily entail a considerable ex¬ 
penditure of time and effort. Due to the variety of types of sheep it is 
difficult to suggest procedures for taking and evaluating records that 
will be universally applicable. However, the following items are be¬ 
lieved to be of greatest importance under most conditions where 
sheep are raised in the United States. 

1. Prolificacy of ewes (regularity of lambing and twin production). 
In some areas where grazing conditions are poor, twin lambs may be a 
disadvantage, but generally twin-producing ewes are more profitable. 

2. Birth weights of lambs. This item is of no value itself but is related 
to vigor at birth and to rate of gain after birth. 

3. Weaning weights of lambs. This is taken individually, but also used 
to measure total lamb production of a ewe. This latter may be best 
expressed as pounds of lamb weaned per ewe (in areas where costs 
are largely on a per head basis) or as pounds of lamb weaned per 
100 lb. of ewe (best in areas where costs are more related to actual 
amounts of feed eaten than to total numbers). 

4. Type and finish of lambs at weaning. These important factors reflect 
market value to a large extent. Attempts to evaluate these items ob¬ 
jectively by means of measurements have as yet met with little suc¬ 
cess. Although unsatisfactory at best, the most successful means of 
evaluating these characters has been through the use of scores based 
on subjective appraisals of merit. 

5. Fleece weight and quality. 

6. Regular annual and semiannual weights of all breeding stock. 

The evaluation of performance records is greatly complicated by 
environmental factors. Some of these, such as the effects of sex, age of 
dam, type of birth (single or multiple), and age at weaning, can be 
measured and definitely taken into account. 

Extensive studies by the Western Sheep Breeding Laboratory show¬ 
ing the size of some of these effects on range sheep are given in Table 
51. Probably the size of such differences will vary from flock to flock. 

In a large operation, the necessary data to arrive at figures such as 
the above can be collected and the records all corrected to a single 



COLLEGE OF WASHINGTON 
rtment of Animal Husbandry 


THE ART OF BREEDING 




i 




3 


i 


ii 











WEIGHT RECORD 


SELECTING SHEEP 


401 



FIGURE 130. Reverse* side of ihe sheet shown in Fig. 129. Records of body weights and fleece pro¬ 
duction are kept on forms that permit a rapid appraisal of a ewe. (Courtesy of Slate College of Washington) 
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standard, preferably by adding the appropriate number of pounds to 
the weights of lambs in the lower groups to adjust them to the level 
of the heavier group. If this is not done the tendency will be to 
select the older single lambs from mature ewes merely because they 
are heavier and better developed at weaning, thus making a better 
appearance. Converting all records to a single standard gives twin 
lambs and lambs from young ewes an opportunity to be selected in 
line with their true merit. 


Table 51. Differences in Performance of Range Sheep Due to Some Environmental 

Conditions 



Weaning characters 

Yearling ewe characters 

Body 
wt. t lb. 

Staple 
length , 
cm. 

1 

Body 
wt. t lb. 

Clean 
fleece 
wt. t lb. 

Staple 
length, 
cm. 

Rambouillet 






Advantage of: 






Rams over ewes. 

8.3* 

-0.48* 




Mature dam over two-year-old dam. 

6.1* 

0.19 

2.6 

0.17 

0.12 

Singles over twins. 

9.2* 

0.05 

6.0* 

0.23* 

0.30* 

Columbias, Tar ghees, and Corriedales 






Advantage of: 






Rams over ewes. 1 

10.8* 

-0.54* 




Mature dam over two-year-old dam 

8.7* 

0.52* 

4.16* 

1.04f 

0.46 

Single over twins. 

11.7* 

0.02 

7.12* 

1.03f 

0.12 


* Signifies statistic is large enough for accounting for 2 per cent or more of the 
total variation in that trait, 
f Grease fleece weight. 


In actual practice similar results may be obtained by sorting lambs 
into groups according to sex, age of dam, type of birth, and age of 
lamb, and selecting the same proportion from the various groups. 

If this is not done there will be a tendency to select older lambs, 
single lambs, and lambs from mature dams, not because of real 
genetic superiority, but because of greater size and fatness due to 
environmental conditions. 

The “weaning weight” should be taken as near the age at which 
lambs are customarily weaned in the area as is possible. Factors for 
adjusting lamb weights to a standard age (such as 120 or 140 days) 
have been worked out for certain breeds and flocks, but apparently 
are not applicable to lambs in general since lambs in different flocks 
of different breeds grow at such different rates. 
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If lambs are weighed fairly close (probably within 10 days or two 
weeks) to the standard age, adjustments to a standard weight can be 
made in the manner suggested for calves. First determine the weight 
per day of age, multiply this by the days deviation from the standard 
age, then make the necessary addition or subtraction. The evaluation 
of type, degree of finish, amount of face covering, and other traits 
can best be in terms of subjective scores given by persons with 
experience. 

No one system of scoring can be said to be better than another, 
but the one given in Table 52 has been used successfully at the Western 
Sheep Breeding Laboratory and at various experiment stations. 


Table 52. A Widely Used Sheep Scoring System 


Numerical 

score 

Definitions as regards 
type, finish, etc. 

Definitions as regards face covering 

1 

Excellent 

Not covered beyond poll 

2 

Good 

Covered to eyes 

3 

Medium 

Covered slightly below eyes, but open-faced 

4 

Fair 

Covered partially below eyes, but not subject 
to wool blindness 

5 

Poor 

Face covered and subject to wool blindness 


Plus and minus designations can be used with each numerical score 
so that scores of 1 + , 1, or 1 —, and so on are possible depending upon 
the degree of excellence. A total of 15 scores is thus possible. 

Fleece evaluation under practical farm conditions will have to be 
limited to: (1) getting grease weight of each fleece as it is shorn; (2) 
measuring the length of staple at a given spot, preferably on the side 
or in the shoulder region, (3) making visual estimates of the fineness 
at probably three points on the side to estimate average fineness 
and degree of uniformity; and (4) making a careful examination for 
undesirable characters such as black fibers or the presence of coarse 
hairy fibers known as kemp. Since grease weight is determined only 
partly by wool and the rest by dirt and grease, the amount of which 
varies from animal to animal, it would be desirable to have clean- 
fleece weights. These are seldom obtainable except under experi¬ 
mental conditions. Likewise, laboratory measurements of actual fiber 
diameter would be better than the visual estimates of fineness. Here 
again the technique and equipment needed make the determination 
impractical for most breeders. 

In many climates a dense fleece, which will not part over the back 
in heavy rains, is necessary to protect the sheep. 
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USE OF RECORDS IN SHEEP SELECTION 

Assuming that the factors of productive importance are being 
systematically evaluated, the emphasis to be placed upon the different 
items in a breeding program depends upon (1) the economic impor¬ 
tance of the trait, (2) the hcritability, and (3) the level of performance 
already attained in the flock. The last two items arc related since 
either uniformly good or uniformly poor performance is an indication 
of genetic uniformity and homozygosity. As pointed out in the chapter 
on selection, this results in low hcritability. 

Heritability estimates on folds in three flocks illustrate this fact. In 
a moderately wrinkled Rambouillet flock the hcritability was 51 per 
cent; in a less wrinkled Rambouillet flock it was 38 per cent; while 
in flocks of relatively smooth Columbia and Targhce it was only 8 
per cent. 

Hcritability estimates for various traits are given in Table 53. Un¬ 
fortunately, only a few studies have involved Down breeds of sheep. 

In general it appears that fleece characters, face covering, and neck 
folds arc more heritable than body weights. Body type and condition 
are considerably less heritable than cither fleece characters or body 
weight. 

In a breeding program, intense selection should first be practiced 
for traits that arc economically important and highly heritable. 
Progress should be rapid in this phase of the breeding program; and 
after desirable levels of performance have been attained for these char¬ 
acters, attention can be turned to other less heritable traits where 
progress can be expected to be slower, but nevertheless important 
once it is attained. 

As with other classes of farm animals, observation indicates that 
selection has been effective over the years in changing type and pro¬ 
ductivity in sheep. Experimental studies showing definite trends in 
staple length, resistance to stomach worms, and in over-all merit, as 
measured by an index, have been reported. 

It is always hard to evaluate the results of selection since any trend 
in environmental conditions will affect performance. The trend in 
performance may then be attributed to selection rather than to 
environment. 

The emphasis to be put on various characters in selection will vary 
from breed to breed and area to area. For example, in the areas where 
fat lambs can be produced at weaning, type and quality of lamb may 
receive most of the emphasis. Under such conditions wool may be of 
minor economic importance. In other areas, such as the semiarid 
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Southwest, fat lamb production is usually impossible and wool is a 
major source of income. 

As a general rule for many areas it is logical that about twice the 
emphasis should be put on lamb production than is put on wool. 
This follows from the fact that lambs bring in about twice the income 
that wool does under normal conditions. 


Table 53. Estimates of Heritability for Various Characters in Sheep * 


Character 

Range sheep, 
per cent 

Down breeds y 
per cent 

Birth weieht. .. 


30-61 

Weaning weight. 

17-30 

33 

Weaning type score. 

7-13 


Weaning condition score. 

4-21 


Yearling body weight. 

40 


Yearling body score. 

12 


Staple length at weaning. 

40-43 


Yearling clean-fleece yield. 

38 


Face-covering score. 

46-56 


Skin folds. 

51 


Neck folds. 

8-39 



* Compiled from various published sources. 

Individual performance and family averages in production arc the 
basic items upon which selection in sheep must be based. This follows 
from the facts that (1) although some culling of breeding animals may 
be practiced on the basis of the first lamb crop or two, they must 
initially be selected for the flock on the basis of their own and rela¬ 
tives’ performance, and (2) even if a progeny-testing program is 
followed with prospective stud rams before they are used in the main 
flock, only a small percentage of the most promising rams can be 
progeny-tested. Those to be tested must be selected on the basis of 
individual and family performance. 

An organized program, in which prospective stud rams are progeny- 
tested in an auxiliary flock prior to being used in the main flock, can 
be useful under certain conditions. A program of progeny-testing 
yearling rams, using the best ones in the main flock as two-year-olds 
or three-year-olds, should increase progress by about 20 per cent 
and 5 per cent for weaning and yearling traits, respectively, with 
characters having heritabilities as low as 10 per cent. For characters 
with heritabilities of 30 per cent, progeny testing would be expected to 
increase progress slightly, for traits that could be measured at weaning 
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age, but it would be expected to decrease progress for those traits 
that could not be measured until yearling age. This latter situation 
occurs because of the additional year which it takes to evaluate year¬ 
ling characters of the progeny. 

Progeny testing can be expected to be still more effective if rams 
can be progeny-tested as lambs instead of yearlings, and the best¬ 
performing ones used in the main flock as yearlings. 

SUMMARY 

Sheep are raised in the United States under a great variety of con¬ 
ditions. Fine-, medium-, and long-wool types differ greatly, with each 
having a place in our economy. Sheep breeding has been plagued by 
overemphasis on breed trade-marks, some of which have been proved 
to be actually harmful. Selection in sheep should be directed toward 
characters of economic importance. The emphasis to be placed on 
each character will vary greatly from flock to flock, depending upon 
the type of production for which selection is being made. As in all other 
classes of livestock the only sound basis for selection in sheep consists 
of actual records of performance. When secured these records must be 
interpreted and used intelligently. They should be adjusted for known 
environmental influences so as to put all animals on an equal basis. 
Selection should be strongest for characters that are most important 
economically and for those which arc most heritable. 

QUESTIONS 

1. Describe fine-, medium-, and long-wool types of sheep. What is the 
special usefulness of each type? 

2. Why has so much crossbreeding been done in Western range flocks? 

3. Why does excessive growth of wool over the face reduce productivity? 

4. Why are wrinkles undesirable in fine-wool sheep? 

5. List the items for which selections should be practiced in sheep. 

6. What traits are rather highly heritable in sheep and which are low in 
heritability? 

7. Explain briefly in your own words why it is necessary to adjust records 
or otherwise give twin lambs special consideration when breeding stock 
is being selected. 

8. Will a sheep breeder in Illinois probably put more or less emphasis on 
wool production and quality than one in New Mexico? Why? 

9. Give some advantages and some disadvantages of progeny-testing rams 
before using them in the main flock. 

10. Why is a dense fleece necessary in some climates? 
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The popular name “mortgage lifter” often given the hog is indicative 
of the fact that hog production is, over a period of years, likely to be a 
moderately profitable enterprise with fewer speculative hazards than 
arc often encountered in other forms of livestock production. Among 
all domestic meat animals, the hog is the most efficient converter of 
nutrients into human food. It should be remembered, however, that 
the greater part of the hog’s diet must be in the form of concentrates 
which are ordinarily more expensive than the roughages consumed 
by cattle and sheep. 


TYPE IN SWINE 

Over the years, selection in hogs has been complicated by many 
type changes. Fashions in hog types have undergone more changes 
during the past 50 years than has been true of any other class of live¬ 
stock. Despite the fact that in the United States hog markets have 
always paid for hogs of the same weight at about the same rate regard¬ 
less of type, the basic cause behind changing fashions in hog types has 
doubtless been fluctuations in demand for lard. Up through 1920 
lard was in demand as an export item and this, together with a strong 
demand in the United States itself, tended to keep lard prices strong 
in relation to other pork products. This encouraged the production 
of a thick fat-type hog yielding large amounts of lard. During the 
period between the First and Second World Wars export demand for 
lard declined greatly and hydrogenated vegetable fats began to com- 

407 



408 


THE ART OF BREEDING 



HGLRC 131. Grand Champion Durocs showing how ideals of type change. (Above) 
Wave-master Stilts, 1931 Grand Champion; and (below) Top Set, First aged boar, 
Iowa, 1947. (Courtesy of Duroc Record Association) 

pete successfully with it, thus lessening demand for this product. 
Coincidental with this lessening demand, popular ideas of swine type 
swung toward a long, lean, upstanding type which eventually came 
into disfavor with feeders. During the Second World War demand for 
lard was again high and for a number of years breeders tended to 
select for extreme thickness. The 1951 demand for lard was low and 
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selection is again for swine types producing less lard. Although chang¬ 
ing hog types are, to a certain extent, based upon economic trends in 
prices of the various products, it is true that, once a shift in hog type 
has started, the tendency is for it to become a “fad” and go too far. 

The position an individual breeder should take if some fad he knows 
to be uneconomic should sweep his breed is a question for thought. 
Should he follow the fad in order to produce animals for which there 



FIGURE 132. Dressed carcasses of large-, intermediate-, and small-tvpc hogs, 
slaughtered at approximately 225 lb. in weight. ( From 0. G. Hankins, “.•! Study of 
Carcass Characteristics in Relation to Type of Hog," American Society Animal Production 
Proceedings, 1940) 

is an immediate market or should he make the present financial 
sacrifice of staying with an unpopular but basically better type? That 
this is not a hypothetical situation is illustrated by the story of Peter 
Mouw of Orange City, Iowa. 

During the period around 1900, and particularly during the few 
years immediately following the turn of the century, the Poland China 
breed of hogs was swept by the so-called hot-blood craze in which selec¬ 
tion was for an extremely small, short-legged, refined, early maturing 
type of hog. Mr. Mouw and a few other breeders believed this to be 
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a basically unsound type of hog and continued to produce a more 
rugged “big type” which was often the subject of ridicule at the shows. 
The tide finally turned, however, and almost overnight these hogs 
became the most popular in the breed. Adherence to an ideal paid 
off with a small fortune to Mr. Mouw in this case. 

In most breeds certain colors or certain types of ear, shape of snout, 
and so on, serve as trade-marks for the breed and as such are of 
value. Most of them, however, are not related in any way to produc¬ 
tive value. In some cases they are a problem because animals in the 
breed do not breed true for them and many otherwise outstanding 
animals have to be sent to the butcher because they do not conform 
in some minor detail to the breed standard. The amount and dis¬ 
tribution of white in breeds with white color markings is very low 
in heritability and it is extremely difficult to get animals that will 
breed true for a rigid pattern of color. Discarding these animals 
automatically lowers the intensity of selection for other characters of 
productive importance and cannot but be a disadvantage to the 
breed. A statement several years ago by the late E. M. Harsch, secre¬ 
tary of the Hampshire Swine Registry Association, in which he said 
that “a few white hairs on the hind leg or a black spot the size of a 
dime in the belt is truly a long ways from a pig’s heart” seems to 
express a common-sense attitude toward minor color fluctuations. 

In addition to its relation to carcass value, type in swine is related 
to other items of productive importance to a greater degree than is 
true of any other class of livestock. Work by the United States De¬ 
partment of Agriculture showed that, when the three types were 
compared in the same herd, large- and intermediate-type Poland 
China sows weaned litters averaging about one pig larger than did 
small-type sows. The intermediate and large pigs were larger at 
birth and weaning and grew somewhat faster after weaning. Earlier 
work at the Illinois Station had indicated that type was not a con¬ 
trolling factor in rate of gain, although there was a tendency for small 
or “chuffy” types to gain somewhat more slowly than other types. 

In view of the above discussion it would appear that the hog breeder 
would be well advised to select for an intermediate type of hog pro¬ 
ducing a minimum amount of lard and at the same time having 
enough size and scale so that prolificacy is not limited by type. 

PERFORMANCE IN SWINE SELECTION 

Considering type in its logical place as one item of importance in 
selecting hogs for profitable production, the following are items of 
importance to be considered in selecting hogs: 
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1. Litter size 

2. Weight per pig and per litter at weaning time 

3. Rate and efficiency of gain between weaning and marketing 

4. Body type or carcass desirability 

Although greatly influenced by hcrdsmanship, the number of pigs 
farrowed and raised, and their weight at weaning time, together form 
the best measures we have of prolificacy and mothering ability ol 
sows. They are particularly important since they have a tremendous 
influence on probable profitability. On the average, a sow will have 
consumed a total of 1,500 to 2,000 lb. of feed during the period be¬ 
tween breeding and the time her litter is weaned. If this all has to be 

Table 54. Estimates of Heritability for Various Characters in Hogs _ 


Character 

Commonly accepted 
averages of various 
estimates , per cent 

Range in estimates , 
per cent 


15-20 

13-44 

T ittMi* cJv#* a f wraninir.. 

15-20 

17-32 

l.llltr S1£C <U ntainug .. 

15-20 

7-37 


Low 

0-15 

rig WClgill al nvaiiiiig... 

Piir weight at 180 davs.. 

25-30 

14-62 

Type and market scores: 

25-30 

20-38 

Between strains. 

92 

Only one estimate 


charged against a litter of only four or five pigs, the chance of eventual 
profit is small. In addition to the number of pigs farrowed and raised, 
the weaning weight of the pigs is important since it has been defi¬ 
nitely shown that the pigs which are the heaviest at weaning time 
reach market weights the soonest. 

Daily gain from weaning to market weight is important because 
the fast-growing pig is on hand fewer days, thus requiring less labor 
and fewer days of shelter and exposure to risk of disease. Another 
important consideration is that rate of gain and efficiency of feed 
utilization are related to a great extent. This relationship is far from 
perfect, but with the impossibility of keeping individual feed consump¬ 
tion records under practical conditions, most breeders will have to 
be content to select for efficiency of feed utilization indirectly through 
selecting fast-growing pigs. In selecting primarily for rate of gain, 
there may be danger of selecting for excessive fatness since these 
characters may be correlated to some degree. There is some tendency 
for fast-growing hogs to have fatter carcasses at the same weight 
than slower-gaining ones. This relationship is far from a 100 per cent 
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one, however, and fast-gaining hogs can be developed that also have 
lean carcasses. 

As noted previously, body type in swine is related to prolificacy as 
well as to carcass quality. Type should be evaluated at, or near, 
market weights, which are ordinarily around 200 to 225 lb. live weight! 
With the possibility that changing demand for lard can modify our 
ideas on swine type in the future as it has in the past, it is difficult to 
outline the essentials of good type. 

Under most conditions, however, hogs with reasonable body length, 
so that the carcass length will be at least 30 in. at 200- to 225-lb. live 
weight, can be expected to have a higher cut-out value than shorter 
animals. Such animals can also on the average be expected to be more 
prolific than shorter types, but mere length of body does not ensure 
large litters. A minimum of 12 functional nipples is usually thought to 
be desirable. 

Unfortunately external appearance is a poor indicator of the 
amount of lean meat in a hog. Reasonable depth and plumpness of 
ham and width of loin are desirable. Smoothness of shoulder and side, 
uniform width from end to end, neatness and trimness in head, 
jowls, and underline are qualities to be desired. Soundness in feet 
and legs is a necessity. 

Various systems for scoring or grading swine have been used, but 
none is entirely satisfactory. 

One system scores each of the items of “Animal as a Whole,” 
“Body Length,” “Body Depth,” and “Soundness of Feet and Legs” 
on a scale of 1 to 9. Five is the average grade and nine represents the 
animal which is best, except in the item “Length of Body” where nine 
means merely the longest hog. 

Either systematic scoring of hogs followed by use of scores in an 
index, or merely keeping type in mind as one trait to be selected for, 
should lead to a desirable amount of emphasis on it in a selection 
program. 

HERITABILITY OF IMPORTANT SWINE CHARACTERS 

As shown in Table 54, the various items of importance to swine 
profitability differ in the extent to which they are under the influence 
of heredity. In general, performance to weaning time, including litter 
size and individual pig weight, is relatively low in heritability, with 
only about one-sixth to one-fifth of the variation being due to inherit¬ 
ance while the remainder is due to environmental differences. This 
means that, even if selection of animals for breeding purposes from 
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considerably larger and heavier litters than average is consistently 
practiced, progress in making improvement will be slow. 

Growth rates after weaning are under the influence of heredity to a 
somewhat greater degree, but even here only about 30 per cent of 
the variation is hereditary. Type is also heritable to about the same 
extent among strains of reasonably uniform type. It may be more 
heritable when strains of distinctly different types arc crossed. 

In order to put these generalizations in more practical terms, let us 
consider a hypothetical example. Suppose that we have a large herd 
and save all our own breeding stock from within the herd. If the herd 
averages are as indicated, then the progress from one generation of 
selection would be as indicated in Table 55. 


Table 55 



Av. of 
herd 

Selected 

individ¬ 

uals 

Av. 

selection 

advantage 

Herila¬ 
bility , 
per cent 

Expected 
perform¬ 
ance next 
generation 


6.0 

6.6 

+ 0.6 

20 

6.12 

\\r lit rrr wranint? wt.. 

180.0 

198.0 

+ 18.0 

20 

183.6 

/\V. Iliiti wcaiiiuj .. 

Av. individual 180-day wt. 

180.0 

195.0 

+ 15.0 

30 

184.5 

Av. type score *. 

5 

7 

+ 2.0 

30 

5.6 


* Graded on a scale from 1 to 9, with 1 being inferior and 9 excellent. 


The selection advantages indicated for each character are approxi¬ 
mately of the size it has been found possible to make in herds of the 
Regional Swine Breeding Laboratory when selections are made 
largely upon the basis of production records. 

The gains expected for any one character are relatively small, and 
even if they were all attained genetically, environmental differences 
from year to year are great enough to make it difficult to know whether 
progress is being made until records have been kept for several years. 

There arc reasons for believing that the figures given arc themselves 
too optimistic when all factors are being considered at the same time. 
The most obvious and probable reason is that there seems to be evi¬ 
dence of at least some genetic antagonism between maternal abilities 
(ability to raise large litters and suckle them well) and ability to grow 
and fatten readily after weaning. Thus, selection for rapid growth 
may at the same time be indirect selection for poor pig-raising ability. 

Regardless of the possible existence of this relationship, it is far 
from perfect and should not deter us from making selection for these 
items of productive importance. In spite of the admittedly slow rate of 
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progress usually made in selecting swine, there is ample evidence 
that our present hogs show marked improvement in growth, fattening 
ability, and other characters over their wild ancestors—thus showing 
that selection can be effective in bringing about improvement. Prog¬ 
ress will, however, be slower than we used to think it should be. 

DANISH SWINE TESTING 

The best data showing definite improvement in swine over a period 
of years come from the records of animals fed in the testing stations in 
Denmark as part of the swine progeny-testing system in that country. 


Table 56. Changes Induced Through Danish Swine Testing 



1909-1910 

1924-1925 

1947-1948 

Av. daily gain, lb. 

1.18 

377 

1.32 

357 

69 

186 

40% 

1.46 

319 

74 

180 

90% 

Av. feed required per unit gain. 

Av, ace at 44 lb. live wt,. days. . . . 

Av. ace at 198 lb. live wt.. davs, . 


Class 1 bacon sides. 





The Danish system of swine breeding is based upon a group of 
state-recognized breeding centers, where a high percentage of the 
boars used for commercial production in that nation are produced. 
The breeding centers are visited twice annually by a committee 
representing farmers’ organizations and cooperative bacon factories 
and arc scored for numerous items, including type and prolificacy 
of breeding stock, management and general appearance of farm, 
and health of animals. Each year the breeding centers are obligated to 
send enough test litters (of four pigs each) to testing centers to average 
two pigs per sow in the herd. The test litters are fed out under stand¬ 
ard conditions and slaughtered at about 200 lb. live weight. Records 
are secured on rate of gain, efficiency of feed utilization, and on several 
carcass measurements and scores. 

Annual reports are issued that include the above information for 
each breeding center. These reports are designed to serve as a guide 
for the purchase of breeding stock and the establishment of breeding 
programs. 

The first of the testing stations was established in 1907, and except 
for an interruption during the First World War, has continued to the 
present time. While refinements have been added, the general nature 
of the plan has changed but little since its inception. 

Table 56 and Fig. 133 indicate some important changes that have 
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taken place in the performance of Danish Landrace pigs fed out at the 
testing stations and in their carcasses. 

More detailed figures than shown in the table indicate that progress 
in lowering feed requirements per unit of gain has been slight during 
the past dozen years or so. The figures show that increases in rate of 
gain while on test have been accompanied by some decrease in wean¬ 
ing weights, thus suggesting that selection for rapid gains on test may 
be resulting in some indirect selection for lower gains in pigs during 



FIGURE 133. Trends in carcass length, back-fat thickness, and belly thickness in 
carcasses of Danish Landrace hogs fed out and slaughtered in testing stations in the 
Danish swine progeny-testing program. (Redrawn by T. W. Perry of Purdue University 
from graph presented by Clausen , 1949) 

the nursing period. The net effect, however, has been to reduce the 
number of days required to reach a slaughter weight of about 200 lb. 
Thus, some net progress has been made. 

As shown in Fig. 133, progress has been made in increasing body 
length, increasing belly thickness, and decreasing back-fat thickness— 
all changes which contribute to the improvement of the bacon car¬ 
casses produced. Progress during the past few years has not been so 
rapid as earlier, however. Doubtless, this fact is an illustration of the 
principle that progress becomes more difficult in populations already 
greatly improved by selection. The higher you climb, the tougher 
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the going gets. Regardless of whether progress is becoming slower in 
more recent years, real progress has been made in improving Danish 
hogs, and the program has much to commend it. 


SWINE TESTING IN THE UNITED STATES 


In the United States, production-testing on an organized basis has 
been slower in developing, but several programs initiated during the 


FIGURE 134. A P.R. Duroc sow, New Era’s Type 185962. At the time of her death in 
1946 she had raised 116 pigs in 12 litters for a lifetime average of 9% per litter. As well 
as being outstanding from a production standpoint, she was a noted show sow, being 
named reserve All-American aged sow in 1943. (Courtesy of United Duroc Record Associa¬ 
tion) 


past 20 years indicate that American breeders are coming to a realiza¬ 
tion of the need for such procedures. Active efforts are being made to 
devise programs that will be practical with the huge hog population 
and under the various management systems used in swine production 
here. 

In 1938 the United Duroc Record Association initiated a program 
of Production Registry (P.R.) which is designed to give recognition 
to sows raising litters of eight or more pigs to a 56-day total weight of 
320 lb. or more. Qualifying standards for gilts are eight pigs raised 
to a 56-day total weight of 275 lb. Boars are recognized according to 
the performance of litters sired by them and to the performance of 
their daughters. Most of the other breed associations developed some- 
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what similar programs during the following years under rules which 
varied in some particulars. In 1946 all the associations united in 
adopting a single set of rules which have been followed with minor 
changes to the present time. 

Entry blanks and details of the program can be secured from the 
breed association representing the breed a person is interested in. 
The program has made steady progress, although as yet including 
only a small percentage of the sows of any breed. 



Gold Lady Dora PR 149, 753956, the first sow of any breed to 
>roduce eight qualifying litters in a P.R. program. Her outstanding sixth qualifying 
itter of 10 pigs sold at auction for a total of S4.365. Shown here with her ninth 
lualifying litter. (Courtesy of Hampshire Su ine Registry Association) 


As we have noted previously, records taken only to weaning are 
not as complete as would be desirable, but the P.R. program repre¬ 
sents a constructive start on the difficult problem of getting records on 
purebred swine in a country where the swine population is a large 
as in the United States. Breeders engaging in this program should 
enter and keep records on all litters so that the information will truly 
be representative of the herd rather than merely of a few outstanding 
sows. At least one breed association is developing a program of herd 
testing in which weights are taken on all litters in the herd, not only 
at 56 days of age but also at six months. This is a most constructive 
step and overcomes the danger of selective testing inherent in the 
P.R. program. Some breeders are now following the commendable 
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practice of weighing all pigs and publishing the records made, good 
or bad, as a part of the pedigree in sale catalogues. An example of an 
actual pedigree printed in the catalogue of a recent purebred Hamp¬ 
shire sale is given in Fig. 136. 

Another significant development during the past few years has been 
the inauguration of sow-testing programs in several states. These 


LOT No. 24 LITTER No. 62 

CONNER VERBENA 

GILT, Tag 2501, 56 Day Weight 30.6 lbs., Dinner Plates 14 
(Pedigree of Litter 62) 

Farrowed Jan. 27, 1948 Average birth wgt. 3.1 lbs. 

Pigs Farrowed 13 Average 56 day wgt. 30.49 lbs. 

Pigs Raised 9 Bred by Conner Prairie 


/CONNERS COMMANDER 348641 
/ 4 litters av. 8.75 pigs bom 

I 4 litters av. 5.5 pigs raised 
\ Average birth wgt. 2.39 lbs. 
Average 56 day wgt. 28.85 lbs. 


CONNER TOP DECK 361355... 
14 litters av. 9.43 pigs born 
14 litters av. 7.1 pigs raised 
Average birth wgt. 3.19 lbs. 


( CONNER ALBRIGHT 879126 
5 litters av. 10.6 pigs bom 
5 litters av. 6.8 pigs raised 
Average birth wgt. 3.03 lbs. 
Average 56 day wgt. 33.88 lbs. 


CONNER SILVER STAR 896490 
3 litters av. 10.66 pigs born 
3 litters av. 9.33 pigs raised 
Average birth wgt. 3.04 lbs. 
Average 56 day wgt. 30.9 lbs. 


lOUTHWIND ROCK & RYE 303037 
27 litters av. 9.1 pigs bom 
27 litters av. 6.26 pigs raised 
Average birth wgt. 3.09 lbs. 
Average 56 day wgt. 31.67 lbs. 

IMORNING STAR 785214 

7 litters av. 11.57 pigs bom 
7 litters av. 10.29 pigs raised 
Average birth wgt. 3 lbs. 

Average 56 day wgt. 26.15 lbs. 


FIGURE 136. Pedigree of a gilt sold in a recent Hampshire auction in which produc¬ 
tion records of all animals were given. (Courtesy of Conner Prairie Farm> Noblesville , 
Indiana) 


programs are designed to aid the breeder in making intelligent selec¬ 
tions from his herd for breeding purposes. 

The Wisconsin Swine Selection Cooperative, perhaps the most 
highly organized of such associations, operates as follows: 

The breeder ear-notches each pig individually at birth and records 
litter size. The cooperative furnishes forms for keeping records and em¬ 
ploys field men to aid the breeders, taking of weights of pigs at approxi- 



419 


SELECTING SWINE 

mately 154 days of age. The weight records are sent to the University 
of Wisconsin where they are adjusted to 154 days of age. An index is 
then calculated for each pig and the records returned to the breeder 
in time for him to use the index in selecting breeding stock. 

Programs of the type described above are very helpful in expediting 
the necessary book work in a production-testing program. Then, too, 
they have an official standing which increases their value somewhat 
over and above the value of private records. 

Buyers of breeding stock are, to an increasing extent, demanding 
production-tested animals. Therefore, if suitable organized programs 
are not available, the keeping of private records is to be encouraged. 
These records need not be elaborate, but should include pedigree 
records on each litter, records of the number of pigs farrowed and 
weaned, and weights of the individual pigs at weaning (usually 
around 56 days of age) and at some later time (preferably about 
five months of age) as a measure of post-weaning growth rate. Figures 
137 and 138 illustrate some convenient record forms. Weights need 
not be taken exactly on the indicated dates since conversion factors 
(sec Table 57) have been worked out for adjusting individual weights 
to standard ages of 56 and 154 days of age. These make it possible to 
weigh several litters at once and convert all records to a standard age 
for use in comparing the records of various individuals. 


USE OF RECORDS IN SWINE SELECTION 

Assuming production records are being kept, the breeder is faced 
with the problem of how to evaluate them in selecting breeding stock 
for retention in the herd. How much emphasis should be put on 
weight for age, how much on litter size, how much on litter weaning 
weight, how much on body type, and so on? Unfortunately, no one 
answer can be given to this question. All factors should be taken into 
account with special attention being given to those things in which the 
herd is deficient. So long as the present system of selling hogs on the 
market at virtually one price—regardless of quality—continues, the 
breeder would be well advised to put the major part of his emphasis 
on litter size and weight for age rather than on type. 

Under usual conditions, the performance of an animal itself is the 
best single indication of the hereditary material it carries. Thus, for 
characters that can be measured in the individual, selection based on 
individuality should be practiced at least to the extent that no indi¬ 
viduals of below-average merit should be kept, regardless of the per¬ 
formance of relatives. Selection of breeding stock partially on the basis 
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FIGURE 138. Reverse side of the sow record sheet shown in Fig. 137. A summary on one sheet of all litters a sow has produced 
makes it easy to evaluate her productivity. ( Courtesy of Dr. J. A. Hoefer , Purdue University) 
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of the performance of ancestors and relatives (considered here to¬ 
gether under the heading of “family selection”) is a useful supplement 
in individual selection, and is the only type of selection that can be 
practiced, in many cases. Young gilts can be selected for prolificacy 

PURDUE UNIVERSITY 
Animal Husbandry Department 
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Farrowing Date. 


Llttor —--Date Vaccinated 
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FIGURE 139. A record sheet used to keep records on a litter of pigs to weaning age. 
{Courtesy of Dr. J. A. Hoefer , Purdue University) 


and nursing ability only on the basis of the performance of their 
mothers and other close relatives. All boar selection for these traits 
must obviously be upon this basis. The general plan of retaining 
the best individuals from the best families appears to be sound in 
hogs. 

Due to the additional time it takes to get the boar in service in the 
herd, the practice of progeny-testing boars on outside sows befQre 
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Table 57. Factors for Converting Pig Weights to Standard Ages of 56 and 154 Days 


(a) Factors for converting individual pig 

(6) Factors for converting individual pig 

weights to 56 days* 

weights to 154 days T 

Age 

Factor 

Age 

Factor 

47 

1.2812 

145 

1.108 

48 

1.2424 

146 

1.095 

49 

1.2059 

147 

1.082 

50 

1.1714 

148 

1.070 

51 

1.1389 

149 

1.058 

52 

1.1081 

150 

1.046 

53 

1.0789 

151 

1 .034 

54 

1.0513 

152 

1.023 

55 

1.0250 

153 

1 .011 

56 

1.0000 

154 

1 .000 

57 

0.9762 

155 

0.989 

58 

0.9535 

156 

0.978 

59 

0.9318 

157 

0.968 

60 

0.9111 

158 

0.957 

61 

0.8913 

159 

0.947 

62 

0.8723 

160 

0.937 

63 

0.8542 

161 

0.927 

64 

0.8369 

162 

0.918 

65 

0.8200 

163 

0.908 


* Calculated from the formula: t Calculated from the formula: 



W 




142.5 


0032143** +0.58* 




where Y = corrected weight 

* = actual weight 

* = age in days 


where W - corrected weight 
Z - actual weight 
* = age in days 


using them in the main herd is of doubtful usefulness with hogs and 
is not generally practiced. Progeny performance should, however, be 
a major consideration in determining which boars to keep for use in 
a herd for a second or third breeding season. Sows to be retained 
should be selected on the basis of the performance of a first litter. 


OTHER CONSIDERATIONS IN SWINE SELECTION 

Careful studies at the Iowa Experiment Station have led to the 
conclusion that not too many old sows should be kept in a herd. From 
this work it seems probable that the greatest progress in a closed herd 
pr breed will result if approximately one-third to one-half of the sows 
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are kept for a second litter and a very few of those that performed best 
in their first two litters are retained for a third and fourth. 

The discussion thus far on selection in hogs has been on the assump¬ 
tion that animals in a breed, herd, or inbred line should be selected for 
all important characters, regardless of whether they are to be bred 
pure for commercial production or used in crosses. If future research 
shows a strong negative relationship between rate and economy of 
gain and mothering ability of sows, the increased use of crossbreeding 
or crossing of inbred lines for commercial production is suggested. 
From an analysis of Iowa data 1 the following suggestion was made: 

It suggests that maximum performance can be secured only 
through crossing of different strains of swine. For example, sows of 
a cross that has exceptionally good milking ability and prolificacy 
mated to boars from a strain that excels in rate and economy of 
post-weaning gains would give maximum litter performance. 

If, as seems probable, the negative relationship between gaining 
ability and mothering ability is great enough to justify the preceding 
statement, hogs will still have to be bred for reasonable merit in all 
characters. The cost of raising breeding stock is so high as to make it 
doubtful if seed-stock producers could afford to maintain lines that are 
extremely deficient in mothering ability even if they arc extremely 
good gainers or vise versa. It is true, however, that existing.hog breeds 
and inbred lines differ from each other in many characters, with some 
being strong for one trait and some for another. These differences may 
depend upon chance fluctuation in gene frequency or upon the type 
of selection which has been used in their development. Judicious cross¬ 
ing to take advantage of these differences may ultimately be the breed¬ 
ing method that will give greatest performance. 

REGIONAL SWINE BREEDING LABORATORY 

No chapter on swine selection would be complete without mention 
of the Regional Swine Breeding Laboratory. Results of work by this 
organization may exert a tremendous influence on swine breeding of 
the future. The laboratory was established in 1937 with headquarters 
at Ames, Iowa, but with work to be done in several Middle Western 
experiment stations. According to the director, Dr. W. A. Craft: 2 

The principal objective of the laboratory is to discover, develop, 
and test procedures of breeding which will result in improvement 

1 Iowa Agricultural Experiment Station Research Bulletin 354, October, 1947. 

2 U.S. Department of Agriculture Miscellaneous Publication 523, July, 1943. 
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of swine. The following four phases of study are involved: Systems 
of breeding, measures or standards of appraising hogs and their 
carcasses, heritability of various characters, and physiology of re¬ 
production. Emphasis is being placed on productiveness of sows, 
growth rate of pigs, economy of gains, vitality, and desirability of 
carcasses. 

A large portion of the work of the laboratory is being devoted to an 
investigation of the practicality of the formation of inbred lines, com¬ 
bined with selection for productivity. In general, inbred lines have 
declined in productivity in spite of selection, thus making it appear 
improbable that inbred lines themselves will ever be productive 
enough to be used in commercial swine production. Crosses between 
inbred lines have, however, resulted in a restoration of desirable per¬ 
formance with the resulting line-cross animals, in some cases exceeding 
the performance of good hogs of conventional breeding used to test the 
performance of the crosses. In the chapter on crossbreeding some of 
these results were given and so will not be repeated here. This breeding 
technique must still be considered as experimental, but initial results 
are promising and it is already being applied commercially in certain 
areas. This procedure may well exert a tremendous influence on the 
hog industry, but it should be emphasized that at present its use should 
be limited to experiment station workers and others thoroughly familiar with 
both the dangers and possibilities inherent in the technique. 

SUMMARY 

Ideas on desirable swine type have varied greatly from time to time 
in the United States, with fatter, lardier types of swine being favored 
in times of high demand for lard. Leaner types have been preferred at 
other times. Hogs of at least intermediate length tend to be more 
prolific than short chuffy types. The use of production records, in¬ 
cluding litter size, weaning weight, post weaning growth rate, and 
type at market weights, should be used in swine selection. The forma¬ 
tion of inbred lines and the use of their crosses in commercial produc¬ 
tion is an approach to better swine production now being investigated 
experimentally. 


QUESTIONS 

1. Describe briefly the changes in swine type which have occurred in the 
past 50 years. 
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2. What do you think were the underlying factors bringing these changes 
about? 

3. Do you think breed trade-marks have any value? If so, why? 

4. What should a breeder do if a “fad” he knows to be unsound should 
sweep his breed? 

5. Why are large litters and heavy weaning weights necessary for profitable 
swine production? 

6. When we select for rapid gains what other characters do we automatically 
select for? 

7. Design a set of records for keeping performance data on the swine on 
your home farm. 

8. Is there a swine-testing organization operating in your area? If so, 
secure a set of its rules and study them. 

9. Describe the Danish system of progeny-testing swine. 

10. Write to the secretary of your favorite swine breed and secure the 
literature and rules for Production Registry. 

11. What is the Regional Swine Breeding Laboratory? 



Chapter 26 


SELECTING HORSES 


General Principles of Selection 
in Horses 

Selection for Draft 
Selection for Speed 
Selection of Saddle Horses 
Selection for Color 
Selection of Harness Type 


It would be difficult to compile a complete list of the contributions of 
the horse to civilization. The association of man and the horse in peace 
and war antedates the earliest recorded history. We have been able to 
trace rather accurately the development of the horse for at least 
25,000 years, through the study of fossils and bony remains, and 
scientists tell us that the horse probably existed as a four-toed animal 
not more than 20 in. tall 50 million years ago. The fact that the bones 
of great numbers of horses were found at campsites dating back 25,000 
years is believed to indicate that the horse was first used as food, as he 
still is in many places. Greek drawings show the horse hitched to 
chariots about 2000 b.c. Man learned to ride astride about 750 B.C., 
and after this time relied heavily on the horse as a source of agricul¬ 
tural and military power, transportation, and pleasure. 

Until 1918 the horse was the chief source of power both on farms 
and on the city streets. The horse was so long associated with power 
that our standard measurement of motive power is, and will probably 
continue to be, horsepower. The horse has also been used widely in the 
production of serums and vaccines in human medicine. The best 
known of these is antitetanus vaccine. 

Since the horse has been used for so many different purposes over 
such a long span of time it is not surprising that there is so much varia¬ 
tion within the horse family. Even today, when the horse is no longer 
relied on extensively for farm power or for transportation, there are 
more distinct breeds of horses produced in the United States than 
there are breeds of cattle, or sheep, or swine. There are currently 24 
distinct registry associations for horses and only 35 for cattle and 
swine together. 
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GENERAL PRINCIPLES OF SELECTION IN HORSES 

The basic principles of inheritance which we have described for 
other classes of farm animals apply to the horse as well. In the horse, 
however, training is of extreme importance in determining the worth 
of the individual animal. We do not expect the training to influence 
in any way the genes which this individual will pass on to its offspring, 
but without proper training we will always be in doubt of the per¬ 
formance of the horse for a specific task. The value of the Standardbred 
is determined by speed at the trot or pace. Months of specialized 
training are necessary before this can be measured. We must not lose 
sight of the fact that very skillful training may cause an animal to 
appear better than it actually is. Slight defects in the feet and in 
action can be corrected and masked by skillful shoeing. An individual 
saddle horse may be shown to a championship in the hands of one 
rider and may be a conspicuously poor performer when shown by 
another. In the horse, therefore, we must consider the appearance of 
the horse (phenotype), the genotype as measured by the study of the 
offspring, and the training program for work, speed, or show. 

Performance records of various types arc utilized in horse breeding. 
In racing horses the stopwatch provides a highly accurate record of 
speed. These records arc very similar in usefulness to milk production 
records in cattle. H. H. Laughlin 1 studied the breeding records of 
about 10,000 Thoroughbreds in attempts to develop an index. Briefly, 
his objective was to determine a figure for each animal which ex¬ 
presses its racing capacity. This figure should be corrected for sex, age, 
weight carried, and distance run in terms of speed. When proper cor¬ 
rection factors are used each animal can be compared with the average 
performance of the breed. Like any index, the more measurements 
that are available for all horses, including the ancestors and the off¬ 
spring, the more useful is the information in practical selection. 

The dynamometer has long been used as a measure of pulling abil¬ 
ity of horses for very short periods of time. However, its chief use has 
been to determine the winner in pulling contests. This is primarily a 
sporting event and has not contributed to improved horse breeding. 

It is possible to make objective measurements of speed under saddle 
or in harness, length of stride, respiration and heart rate before and 
after exercise, the work energy produced by given quantities of feed, 
rate of growth, conformation, and the occurrence of unsoundnesses. 
To the author's knowledge, such tests and measurements have not 

1 H. H. Laughlin, Racing Capacity of the Thoroughbred Horse, The Scientific 
Monthly , 28: 210, 310, 1934. 
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been used, except for brief experimental periods, in long-term horse 
breeding programs. Because of the changes in power sources, it seems 
unlikely that these techniques will be used in the future. 

The propagation and improvement of a large number of distinct 
horse types is a highly specialized business. To discuss it adequately 
would require as much space as we have allowed for both cattle and 
swine. We will limit our discussion, therefore, to the selection of horses 
along several distinct lines, such as draft, speed, color, and suitability 
for saddle and show. 


SELECTION FOR DRAFT 

There are distinct differences between the various breeds of draft 
horses in color, conformation, action, and temperament. In general, 



FIGURE 140. Pcrcheron stallion Konhopccar II, owned by the University of 
Massachusetts. 


however, the basic requirements of the draft type are similar. The 
shoulder should be long and slope at an angle suitable for proper fit of the 
collar.The back and coupling should be short and well muscled. There 
should be great chest, lung, and heart capacity. The bone should be 



430 


THE ART OF BREEDING 


sound and hard and the joints clean and free of all weaknesses and 
defects. A draft horse is no better than its feet and legs. Needless to say, 
these should be absolutely sound. The ideal draft horse should be 
intelligent and alert without being flighty.. It must be willing and able 
to pull heavy loads at a good pace for long periods of time. 

The Percheron and Belgian arc both of about the same size, stand¬ 
ing from 16 to 17 hands and weighing from 1,800 to 2,600 lb. Both are 



FIGURE 141. Belgian stallion Jay Farceur, Grand Champion International Live¬ 
stock Exposition 1938, 1939, and 1940. Bred by J. W. Hillman, Grand Junction, Iowa, 
owned by H. C. Horncman, Danville, Ill. 


of excellent temperament and adapted for heavy draft work. The 
Belgian is inclined to be thicker, shorter of leg, and more heavily 
muscled than the Percheron. The Percheron is somewhat more refined 
than the Belgian, exhibits more action, and is better adapted to warm 
weather. 

Of all the draft breeds, the Clydesdale is most noted for its stylish, 
flashy action. Because of this it is still popular in exhibitions of six- 
horse hitches. The Clydesdale is more active and aggressive than the 
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other draft breeds, but lacks the deep, thick conformation of the 
Percheron and Belgian. From these three examples it should be appar- 
ent that selection can have a marked effect on draft type. Previous y, 
evidences of variation within breeds were apparent to even the casua 
observer. These ranged from the extremely thick, heavily muscled 
dray horses of the city to the lighter faster-going farm types^ 

Critical measures of performance of draft horses were in the process 
of being developed, but have been largely neglected with increasing 
mechanization of transport and farm equipment. The measurement 
of pulling power with the dynamometer, the measurement of con¬ 
version of feed energy to work energy, and physical measurements of 
draft type might well have been used as bases of selection had not the 
horse declined in numbers as it has. 


SELECTION FOR SPEED 

One of the outstanding examples of selection for a very limited pur¬ 
pose has been the selection of both Thoroughbred and Standardbrcd 
for speed. It would not be correct to say that anatomy and conforma¬ 
tion have been entirely ignored, but it is true that selection for fancy 
points of conformation has been largely secondary. There arc certain 
structures that arc necessary for any running horse. The feet and legs 
must be nearly perfect if the horse is to stand the rigors of racing. 
Since the running horse uses only one gait, the extended gallop, little 
attention has been given to other gaits. The muscular system must be 
well developed. The Thoroughbred has a particularly well-muscled 
forearm and gaskin. The lung capacity and the circulatory system are 
well developed in terms of body size, for without a ready supply of 
oxygen the muscles would soon be fatigued. It is only natural, there¬ 
fore, that, by selecting only for speed, these other characters have also 
been well developed in the process. 

The Standardbred is an example of an early American creation. 
The breed is the result of the judicious mixture of many types of horse, 
the Thoroughbred, Morgan, Arabian, Barb, and the Canadian Pacer. 
The chief purpose of this horse has been to pull various light carts or 
sulkies for driving and racing purposes. As in the case of the Thorough¬ 
bred, speed has been the chief basis of selection. We should keep in 
mind that racing conditions have changed since Colonial times. The 
wooden and steel cart has been replaced by the featherweight sulky. 
Methods of shoeing and construction of harness have improved, to say 
nothing of the improvements in the track. Even so, there can be little 
doubt that speed has been increased. The 2-minute mile was not 
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broken until 1897 (Star Pointer, 1.59)4). Since that time the trotter 
Greyhound established a record of 1.55)4 and Billy Direct, a pacer, 
covered the mile in 1.55, and scores of horses have broken the 2-minute 
mark. 

There is a wide variation in the type, color, and gaits of Standard- 
breds. The animals are trained either to trot or to pace. Whichever gait 
is adopted, it must be smooth and regular, for a break in gait is gen¬ 
erally disastrous during a race. The best Standardbrcds are usually 
deep in the chest, shortly coupled, and very well muscled in the back, 
croup, gaskin, and forearm. 

The Standardbred is more versatile than the Thoroughbred. It is 
exhibited in the roadster class in present-day horse shows. Under such 
conditions conformation is of more importance than for racing pur¬ 
poses. In past years it was used for driving, riding, and light farm work 
such as haying and cultivating. 

SELECTION OF SADDLE HORSES 

The choice of a breed of saddle horse involves many of man’s 
prejudices and opinions, and it is most certain that all of us will never 
agree on a single breed. 

The Arabian is clearly the oldest breed. It seems certain that the 
Arabians were breeding this horse at the time of the birth of Christ 
and it is probable that it originated as early as 500 b.c. The Arabians 
have always been a tribal, wandering people engaged in livestock pro¬ 
duction. Their social standing and indeed their lives depended on the 
quality and speed of their horses. It is not surprising that they regarded 
horse breeding as an art. 

The Arabian, by description, sounds like the perfect horse. He is 
docile but spirited enough to be aristocratic; he excels in endurance 
on the desert or trail, and has a head and neck of almost classic beauty. 
The greatest handicap of the breed has been its general lack of size 
for hard use under the saddle. Its other excellent qualities have been 
incorporated into many other breeds, such as the Thoroughbred, 
Standardbred, American Saddle Horse, and the Quarter Horse. 

T he American Saddle Horse, particularly the five-gaited horse, is 
the showiest animal in the American livestock world. This is largely 
due to the absolute rhythmic perfection of a variety of gaits. Both the 
three and five-gaited horse must exhibit sharply distinct, flashy gaits 
upon the receipt of almost indistinguishable promptings from the 
rider. The horse and rider must blend as one unit for success in the 
show ring. In Colonial days the dependence of the settlers upon the 
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horse for transportation led them to develop a well-mannered, sure¬ 
footed, sturdy horse with the easiest riding qualities possible without 

regard to the style we demand today. 

This breed contains genes from the Thoroughbred, Standardbred, 
Morgan, Arabian, and miscellaneous unidentified horses. There is, 
therefore, considerable difference in the characteristics of saddle 
horses. Most are chestnut or bay in color, but all colors, including 





FIGURE 142. Morgan siallion Meade. Owned by University of Massachusetts. 


cream, do appear. For show purposes there are three-gaited and five- 
gaited performers. The American Saddle Horse inherits the capa¬ 
bilities for good action, but intensive training of both the horse and 
rider are necessary before either is ready for the show ring. The chief 
points in the selection of this breed are style and quality of all body 
parts. The head and neck must be long, well-arched, and smoothly 
blended into the shoulders. The back should be strong and closely 
coupled. The legs must be clean and of good quality, the pasterns long 
and springy, and the action showy and rhythmic. 

The exact origin of the Quarter Horse is in dispute. There are some 
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who maintain that it was first selected as a type in Virginia and the 
Carolinas in Colonial days. Whether or not this is correct, there is no 
doubt that the greater part of the development of the breed has been 
in the southwest range states. 

The Quarter Horse carries the genes of the Thoroughbred, Arabian, 
Morgan, Standardbred, and Spanish-type horses. This horse is our 
present standard of excellence for use in working cattle under ranch 
conditions. He is extremely fast over short distances, hence his name 
Quarter Horse. He is sure-footed, starts, stops, and turns quickly, is 
easily trained for cutting and roping, can stand prolonged hard riding, 
and has a better disposition than most light horses of other breeds. 
This horse is still very pliable from the genetic standpoint. The 
American Quarter Horse Association was not established until 1940 
and the permanent stud book was not opened until 1947. One of the 
present problems is the variation in type within the breed. This is not 
surprising in view of the newness of the association. Here is an example 
of how a breed is built. By future selection we will have an opportunity 
to mold this breed as its proponents wish and the ultimate success or 
failure will depend upon the skill of current selection. 

The Morgan provides us an example of a breed which traces to one 
sire, Justin Morgan. This stallion became noted throughout Vermont 
for his ability to perform at the walk, trot, or gallop, and to pull in the 
harness. He was supposedly of Thoroughbred origin and born about 
1790. Justin Morgan and his sons were bred to various native mares 
and contributed to the Standardbred, American Saddle Horse, the 
Quarter Horse, and the Tennessee Walking Horse. The Morgan was 
very popular in the nineteenth century for riding, driving, and light 
farm work, and was regarded as an all-purpose horse. This breed, un¬ 
fortunately, had no one characteristic that made it different from other 
light horses. It was not so fast as the Thoroughbred or Standardbred, 
not so showy as the American Saddle Horse, nor as adept with stock as 
the Quarter Horse. It has an excellent temperament, a sturdy body, 
good feet and legs, and has shown excellent endurance in riding tests. 

Like the other saddle types which we have described, the Tennessee 
Walking Horse is a mixture of breeds. The Thoroughbred, Standard- 
bred, American Saddle Horse, and Morgan have all contributed. The 
Tennessee Walking Horse is different from other types in one of its 
gaits, the running walk. The breed association describes this gait as 
follows: 

It is started as a flat-foot walk, is a diagonally opposed foot 

movement, and as the speed is increased, the hind foot usually 
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oversteps the front track from a few to as many as 18 inches. This is 
where the “stride” of the Tennessee Walking Horse gives a glid¬ 
ing” sensation to the rider and adds a heap of pleasure! 

SELECTION FOR COLOR 

We have discussed the selection of saddle types for conformation, 
style, temperament, peculiarity of gaits, and ability to perform a cer¬ 
tain task such as the working of cattle. The Palomino is an outstanding 
example of selection for color. The color of the Palomino is, according 
to Briggs 2 : 

The body color desired in the Palomino is that of the “newly- 
minted gold coin,” but may be three shades lighter to three shades 
darker. Black hairs in the coats of Palominos are considered unde¬ 
sirable. The mane and tail may be white, ivory, or silver, but can¬ 
not contain more than 15 per cent dark or chestnut hairs. The 
basic skin color must be black, and the eyes must be dark and of 
the same color. Palomino horses may have white markings on the 
face and may have white as high as the knee and hocks. No white 
stains, smudge, or smut are permitted on any part of the body 
other than that which may result from accidents or rubbing of 
the saddle. 

Horses of the Arabian, Thoroughbred, American Saddle Horse, 
Morgan, Tennessee Walking Horse, and Quarter Horse may be 
registered as Palominos if they are of correct color. 

Some of the difficulties occasionally encountered in selection can 
be nicely illustrated with the Palomino horse. Recent research 3 has 
shown that the Palomino color is due to the interactions of three pairs 
of genes, namely, bb = brown, Dd = dilution, and AA or Aa = bay 
coat pattern, resulting in the brown color bb being diluted to a cream 
or golden body color by Dd (DD animals being very pale or almost 
white). The AA or Aa genes provide the different color in mane, tail, 
and legs. Since Palominos depend on the Dd gene pair being heterozy¬ 
gous, the Palomino cannot breed true. This is something of a paradox 
—a breed that cannot breed true. 

2 H. M. Briggs, “Modern Breeds of Livestock,” The Macmillan Company, New 
York, 1949, p. 702. 

3 W. E. Castle and F. L. King, New Evidence on Genetics of Palomino Horses, 
The Journal of Heredity , 42: 60-64, 1951. 
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SELECTION OF HARNESS TYPE 

In the days before the automobile, fine carriage horses were a mark 
of social distinction and wealth. Among the breeds popular in America 
were the Cleveland Bay, Yorkshire Coach, French Coach, German 
Coach, and Hackney. Of these, only the Hackney is still well known 
in the United States, and then only as a show animal. 

The Hackney ranges from 11-2 to 14-2 hands in height. It is usually 
shown in harness in single, pairs, and tandem classes. The Hackney is 
high-spirited and requires expert handling. The action is so spectacu¬ 
lar as to be almost unbelievable if not seen. The feet are snapped up 
and out with great speed and perfect rhythm. The forefeet are lifted 
to chest height or even higher and the rear feet as high as the belly 
wall. The breeding of these horses is highly specialized and entirely 
limited to pleasure and show. It provides another example of extreme 
variability within the horse family for a special purpose. 


SUMMARY 

There can no longer be any doubt that the mechanization of farms 
has largely displaced the horse as an important work animal in the 
United States. It likewise seems clear that the love of man for the 
horse for sport and pleasure will perpetuate the species in coming 
generations. Although we know little, in terms of modern genetics, 
of specific inheritance in the horse, we can see that the art of breeding 
has been more than successful with the horse. From the doglike pre¬ 
historic four-toed animal have developed the massive draft types, the 
speedy Thoroughbred and Standardbrcd, a variety of excellent saddle 
horses, and the diminutive but spectacular Hackney. Although we 
think of many of our livestock breeds as fixed, they too probably still 
have much of the plasticity which the horse has shown throughout the 
ages. 


QUESTIONS 

1. Approximately how far back can the primitive horse be traced? 

2. Discuss the training factor in the selection of horses. 

3. In what type of horse has the record of performance been the chief basis 
of selection? 

4. What arc the basic requirements of selection in draft horses? 

5. Compare selection in the Thoroughbred and Standardbred. 

6. Describe the genetic make-up of the Standardbred. 
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7 What is the oldest breed of saddle horse? . 

8. Compare the American Saddle Horse and the Quarter Horse in form, 
function, and genetic make-up. 

9. What is the distinguishing characteristic of the Tennessee Walking 
Horse? 

10. Discuss, from a genetic standpoint, the Palomino, a breed that cannot 

breed true. . - . 

11. What lessons can the livestock breeder learn from a study of types and 


breeds of horses? 



Chapter 27 

THE BREEDER’S ART 


Breeding better livestock is both an art and a science. It was an art for 
thousands of years before the scientific laws involved in reproductive 
physiology and inheritance were discovered—an art for perhaps 8,000 
to 10,000 years, a science for less than 50. The improvement of animals 
through breeding and selection will always remain both science and 
art. We will continue to add to our store of scientific knowledge, .but 
no matter how great this becomes, there will always be need for an 
art of breeding. Art is skill and judgment gained through experience. 
Science will give us keener tools for shaping animal form and function 
into more desirable and profitable types, but the better the tools, the 
more artistry is required for their proper handling. The good artist 
can do a splendid job with mediocre tools, but the poor artist can 
botch the job even with the best of tools. 

This book has given you the means for mastering the fundamental 
scientific laws underlying breeding. It has also provided an explana¬ 
tion of how these scientific laws may be applied through systems of 
breeding and selection. Time and experience will demonstrate whether 
you have the artistry to use these tools effectively. 

Outstandingly successful animal breeders have never been very 
numerous. Most breeders—like most animals—are average. Most 
herds alternate improvement and retrogression and end up at about 
the same level they started from. Occasionally the right man, the 
right animals, and the right farm find themselves together and we 
have a herd or flock which moves forward in a steady if slow climb 
toward the top of its breed. 

We believe that, to be successful, a breeder must have a thorough 
knowledge of the physiology of reproduction and of the laws of in¬ 
heritance and variation. In addition, he must have certain personal 
attributes, a few of which we will discuss briefly. We must, of course, 
assume a love for the job. Finding work that you really love to do is 
the most important task facing any person. When you can honestly 
say, “there is no fun like work,” you are on the highway to being a 
success. The best definition of “work,” incidentally, is to be “doing 
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something that you don’t like to do.” You have to hunt a long time to 
find a person who has made an outstanding success of doing something 
he did not like to do. And while we are on the subject of work, let s 
remind ourselves of Edison’s definition of genius—2 per cent inspira¬ 
tion 98 per cent perspiration. Farming and livestock raising involve 
hard work. True, much of the drudgery of farming has been removed 
by means of machinery and laborsaving devices, but there is still 
plenty left in it. But it takes hard work to excel at any calling. The 
great surgeons, the great musicians, the great ball players or fighters 



FIGURE 143. William Duthic of Collynie, a Shorthorn breeder who held animal 
sales for 39 years and sold 1,022 head, mostly bull calves, for a grand total of 
51,238,646. (Courtesy of Breeder's Gazelle) 


are just those men who were willing to work a bit harder at their 
respective jobs than were their fellows. 

If you love farming and livestock, if you will work hard at it men¬ 
tally and physically, you can succeed, but it will help if you have a few 
other very important qualities. One of these is imagination. If a 
breeder is unable to picture in his own mind an ideal toward which 
to strive, he probably will never be an outstanding success. Some of 
our breed associations have sensed this need and provided models at 
which breeders can aim. These are excellent, but to most of us nothing 
• can quite take the place of the real animals. Our fairs and expositions 
are probably educational beyond the fondest hopes of their origina¬ 
tors, but they are something more, something even better. They are an 
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inspiration. Whether one wins or loses, or does not even exhibit, the 
livestock show provides a new stimulus that once again fires the 
imagination and the will to go home and produce something better 
than this year’s winner. Records of performance are also a prime 
essential along with the breeder’s ideal of type. For creative work of 
any sort, imagination is one of the first prerequisites, though this in 
itself is not enough. 

The dreamer is quite powerless unless he or someone else supplies 
the force, the drive to bring the dreams to realization. Therefore, the 
second prerequisite to successful breeding is enthusiasm. We might 
liken a splendid imagination to a perfectly designed engine in which 
there is latent the capability of flying across the ocean, but the engine 
without fuel is powerless. Enthusiasm supplies power to the imagina¬ 
tion, just as gas does to the motor. Enthusiasm for his goal will carry 
the breeder over difficulties which might otherwise wreck his career. 
His courage will be severely tested by market fluctuations, by the 
momentary success of other strains, and by many other things. He 
needs a great store of enthusiasm to get him over many rough places 
and the will to keep driving toward his goal regardless of obstacles and 
handicaps. 

The third prerequisite for successful breeding is that rare virtue 
known as patience. Nature will not be hurried. A breeder must be 
content to visualize his goal, and sometimes in spite of all his energy 
and enthusiasm, be content to approach it by slow stages. Occasionally 
through luck and a combination of factors, a breeder achieves success 
rather quickly, but usually progress is slow. A lifetime is often too short 
for a breeder to achieve his first more or less crude ideal, to say nothing 
of its later refinements. 

You will be able to think of many more qualities that will stand the 
breeder in good stead—common sense, a sense of humor, honesty and 
integrity, and so on—but we think a love for his work, a keen imagina¬ 
tion, an unbounded enthusiasm, and the courage to be patient and 
painstaking are the essential foundation for success in breeding better 
livestock. 

This book has emphasized the two sciences underlying the breeding 
of farm animals, namely, the mechanisms of physiology of the repro¬ 
ductive process and genetics, or the laws of heredity and variation. 
Even in the last section, entitled “The Art of Breeding,” emphasis has 
been put on the scientific principles underlying various mating sys¬ 
tems, together with the best information now available regarding the • 
kinds of records that are necessary if the most productive animals are 
to be selected. The application of these principles, together with new 
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information brought out by research, are believed to be the bases upon 
which successful breeders of the future will build. 

It is only fair to state in concluding this book that the plant breeders 
employed by the various state experiment stations and the United 
States Department of Agriculture have made greater progress in im¬ 
proving the productivity of crops—corn, wheat, oats, cotton and the 
various fruit and vegetable crops, to mention just a few than has been 



FIGURE 144. Grand Champion wether, a Southdown, at the 1949 International 
Livestock Exposition, shown by the University of Kentucky. (Photograph courtesy of 
J. F. Abernathy Livestock Photo Company) 


made by their counterparts working with livestock. The reasons for 
this arc many and varied, but essentially they depend upon the facts 
that (1) with crops a generation can be raised each year (sometimes 
two or more by using greenhouses), thus making for more rapid 
progress, and (2) the cost of raising an individual plant is small, and 
as a result, many plant breeders have been able to work with plants 
by the hundreds of thousands as compared to the hundreds a few 
fortunate animal breeders have had. This enables the plant breeder 
to make much more rigid selection and to give new breeding systems 
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more thorough and rapid trials than animal breeders have been able 
to do. 

For much the same reasons, the commercial application of advances 
in the science of plant breeding are likely to be much more direct and 
dramatic than will probably ever be true in animal breeding. If, for 
example, a scientist develops a superior new com variety, he can 
quickly expand his seed production to plant large acreages. Assuming 
he had originally only 7 or 8 lb. of seed, he could plant an acre, which 
in turn would raise many bushels—let us assume 75—of seed. This 
could plant about 600 acres, which could produce 45,000 bushels, or 
enough to plant over 480,000 acres. Thus, in the short span of 3 years, 
a new variety could be expanded to a great enough extent to plant 
10 per cent of the corn in a great corn-growing state such as Indiana. 
The situation would be somewhat more complicated with a corn 
hybrid, but the same principles would apply. Likewise, new varieties 
or strains of other crops can be rapidly expanded and quickly take 
over commercial production in an area. 

The widespread utilization of a new or improved strain of animals, 
on the other hand, is a slow process and the best that could be done 
would be to supply males that over a period of many years would im¬ 
prove existing stocks in the hands of commercial growers. Artificial 
insemination would speed this up somewhat, but there seems to be no 
indication at present of widespread use of this technique by any but 
dairymen. 

It thus appears that animal breeding must continue to be aimed at 
the development and application of methods which hundreds and 
thousands of relatively small breeders can apply to the improvement 
of their own stocks. Doubtless the size of breeding units in our seed- 
stock herds will and should increase. The authors believe that no hard 
and fast rule can be given as to the minimum size of breeding herds, 
but it is difficult to see how herds with units smaller than the size 
requiring at least two or three sires can expect to contribute effectively 
to breed improvement. Even if all purebred or seed-stock herds should 
be of at least this size, the statements that follow will apply, as they 
will to units many times this size. Likewise, they will apply to any 
breeding system whether outbreeding or inbreeding. 

The breeder’s art comes into play in the good judgment with which 
he breeds, manages, and sells his animals. The successful breeder must 
do all three of these things to contribute to livestock improvement and 
a large organization must make provision for all three phases if it is to 
survive. 

No matter what the breeding system employed, or what the class of 
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animal involved, and regardless of the completeness and accuracy of 
the record system employed, decisions regarding the breeding program 
will have to be made in which judgment or “art” is involved. Should 
an old sire be used another year or should a promising younger one 
replace him? Should we keep this female or that one as a replacement. 
Should linebreeding be adopted? Should bloodlines from outside the 
herd be introduced on a trial basis? A male had some setbacks early in 
life and is below average in weight and appearance. Should he be 


FIGURE 145. Grand Champion barrow, 1948, National Barrow Show, Austin, 
Minnesota. Owned and shown by Portage Farms, Woodvillc, Ohio. {Photograph 
courtesy of J. F. Abernathy Livestock Photo Company) 


given a trial as a breeder anyway because of the breeding back of him? 
Decisions on questions such as these must be made in even the best- 
ordered breeding establishments, and no matter how complete the 
records of performance may be, good judgment will still be necessary. 
Records merely give us a sound foundation on which to base our 
judgment, our selection. The wisdom exercised in selection has far- 
reaching effects in a breeding program. Doubtless the thing that has 
to be guarded against most by the average breeders is the playing of 
“hunches,” that is, the unwarranted use of certain animals which the 
breeder “thinks” should be good whether they are or not. Prejudice 
is probably the poorest compass ever invented. The really intelligent 
chap can probably select his breeding animals more effectively with¬ 
out any records than can the “wise guy” with bulging notebooks, 
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although even the former can save himself many mistakes if he will 
keep and use sensibly the records of production and reproduction as 
they evidence themselves in his various families of both males and 
females. 

The necessity for good management from the standpoint of feeding, 
care, and disease and parasite control has been emphasized in a previ¬ 
ous chapter. The knowledge of how livestock should be managed and 
the managerial ability to get things done when or just before they’re 
needed and not just a little too late are parts of the breeder’s art and 
are every bit as important as the matings themselves. Dead animals 
never contribute to a breeding program and unhealthy ones seldom 
do. 

Since management or general environment has such a profound 
effect on the growth, type, and productivity of any animal, the art of 
judging or appraising the true genetic or breeding merit of our animals 
is a constant challenge. We prove a sire this year when his offspring 
have good feeds and we have a competent herdsman. Is this male 
really better genetically than another proved last year when either or 
both the feed and the herdsman were much poorer? Questions like 
these are with the breeder continuously. How artful he is in ferreting 
out the true answers will have a profound effect on his success. 

Although many wealthy hobbyists have engaged in livestock breed¬ 
ing and sometimes have contributed to progress, the livestock industry 
has never asked and has never desired that breeding stock be supplied 
to commercial producers on any kind of a subsidized or gift basis. 
Thus, the seed-stock producer must sell his animals in competition 
with other breeders. A successful salesman, if he is to remain in the 
business permanently on a sound basis, must first of all have a reliable 
product to sell. This is taken care of by a sound breeding program and 
careful management. He must also have the “knack” of knowing when 
and how to sell his surplus. Sales techniques differ from area to area 
and with the various classes of stock. It is not the purpose of this brief 
chapter to attempt to detail any particular methods. The breeder 
must sell to continue to exist and the man with the soundest program 
is the one who develops a market which continues in good times or 
bad. A program of selling to fellow breeders or, worse yet, of buying 
from and selling to fellow breeders is much less likely to be permanent 
than one based primarily on sales to commercial producers. Whenever 
an animal is sold, it should be sold on the basis of making the next 
sale to the same man easier. Breeders sometimes sell animals which 
they know to be inferior. If the animal is a poor one, the “truth will 
out” sometime, so the best practical policy is to put all the cards on 
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the table face-up right from the start. Just as great or even greater 
value than good genotypes in his animals is the matter of complete 

honesty and integrity in the breeder. 

The application of the breeder’s art involves (1) breeding superior 
animals, (2) providing the feeds and management that will allow 
their superior qualities to develop to the fullest extent, and (3) selling 
the surplus effectively. Like a three-legged stool, success in breeding 
rests upon three things. Neglect or failure of any one will bring on 
failure of the entire enterprise. “The most important leg of a three- 
legged stool is the one that’s missing.” 

An old adage says “half the breeding goes down the throat. As we 
have seen, this statement needs revision in the light of recent scientific 
findings. In a great many commercially important qualities of our 
livestock, only about 25 per cent of the individual variation from the 
herd or the breed average is due to inheritance and about 75 per cent 
is due to environment. So, “three-quarters of the breeding goes down 
the throat.” In short, success in breeding depends three-quarters on 
the breeder and one-quarter on the animals involved. The art of 
breeding is really of greater importance than is the science, although 
a successful art can be based only on a sound science. 

Scrub animals and scrub men are most generally found together. 
Better livestock will be bred only by better men—men who are keen, 
studious, diligent, imaginative, daring, and about whose integrity 
there never arises any question. 
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VISUAL AIDS 


The motion pictures and filmstrips listed in this visual bibliography can 
be used to supplement the material presented in this book. We recom¬ 
mend, however, that each film be reviewed before using in order to 
determine its suitability for a particular group. 

Both motion pictures and filmstrips are included in this visual 
bibliography, and the character of each is indicated by the self- 
explanatory abbreviations “MP” and “FS.” Immediately following 
this identification is the name of the producer; and if the distributor 
is different from the producer, the name of the distributor follows 
the name of the producer. Abbreviations arc used for names of 
producers and distributors, and these abbreviations are identified 
in the list of sources at the end of the bibliography. In most 
instances, the films can be borrowed or rented from local or state 
16-mm film libraries. (A nation-wide list of these local sources is 
given in A Directory of 2002 16 mm Film Libraries, available from the 
Superintendent of Documents, Washington 25, D.C.) Unless other¬ 
wise indicated, the motion pictures are 16-mm sound black-and-white 
films and the filmstrips are 35-mm black-and-white and silent. 

This bibliography is suggestive only, and film users should examine 
the latest annual edition and quarterly supplements of Educational 
Film Guide, a catalogue of some 10,000 films published by the H. W. 
Wilson Co., New York. The Guide, a standard reference book, is 
available in most college and public libraries. 

Aberdeen Angus (MP BIS 8min). History of the Aberdeen Angus 
breed of cattle, where it originated, the men who developed the 
breed, and its uses in export markets. (Sponsored by the Dept, of 
Agriculture of Scotland.) 

American Horse (MP Calif U 20min color). Pictures various breeds 
of American horses and explains their characteristics. 

Artificial Insemination of Cattle (MP BIS 20min). Illustrates the proc¬ 
ess of the artificial insemination of cattle, stresses the advantage of 
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the practice to stockbreeders, and shows how a center for this 
purpose is operated. (Sponsored by the British Ministry of 
Agriculture.) 

Ayrshire Cattle (MP BIS 8min). History and characteristics of the 
Ayrshire breed of cattle and some of the reasons for its popularity. 
(Sponsored by the Dept, of Agriculture of Scotland.) 

Bluebloods from Canada (MP CNFB 28min color). Shows Canadian 
livestock and explains the selective breeding used to produce high- 
quality strains. 

Breeds of Sheep (FS USD A/Photo 56 frames). Illustrates how breeds 
of sheep are classified on the basis of fine, medium, or coarse wool 
and Karakul fur. 

Breeds of Swine (FS USD A/Photo 33 frames). Pictures several breeds 
of swine commonly used in producing market hogs in the United 
States. Compares lard and bacon types. 

Britain's Livestock (MP BIS 16min color). Traces the evolution of 
cattle breeding in Britain from early days to the present time. (Spon¬ 
sored by the British Ministry of Agriculture.) 

Cell Division (MP Phase llmin). Shows by phase-contrast micro¬ 
photography the development of a living cell during a 21-hour 
division cycle, including identification of the nucleus formation 
and movement of chromosomes, dissolution of nuclear wall, spindle 
formation, assembly and separation of chromosomes at the equa¬ 
torial plate, the division of the parent cell, and the formation of new 
cells. 

Cells and Their Functions (MP Athena 14min). Illustrates by photo¬ 
micrography and time-lapse photography cell division, or mitosis, 
beating cilia, blood cells engulfing bacteria, and the proliferation 
and growth of cardiac and other tissue. 

The Dairy Herd Improvement Association: Identification and Permanent 
Record Program (FS USDA/Photo 38 frames). Explains the 
identification markings employed by the association, methods of 
cartagging, and the keeping of identification and production 
records. 

Heredity (MP EBF llmin). Explains by animated charts and 
animal picturization the Mendelian laws of inheritance. 

Heredity and Environment (MP Coronet lOmin). An elementary 
overview of cultural inheritances, genetics, environmental influ¬ 
ences, and their interrelationships. 

History of the Horse in North America (MP Calif U 20min color). 
Demonstrates by changes in the size and shape of skull and foot 
the advancement of the horse in 50 million years. Explains th§ 
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immediate ancestry of the modern horse and pictures many types 
of horses. 

Improvement of Plants and Animals Through Breeding (FS Nasco 102 
frames). Discusses the cell as the basis of livestock improvement and 
explains the fundamentals of cell structure, genes, dominant and 
recessive traits, inhibiting genes, crossing over of chromosomes, 
mutation, etc. Ends with a glossary. 

Inside the Cell. Part 1: Enzymes in Intracellular Chemistry (MP USA 
40min color). A study of the theory of enzymes, showing by ani¬ 
mated drawings the better known steps in glucose metabolism, 
and portraying by live-action photography the laboratory tech¬ 
niques practiced by several Nobel prize-winners. 

Inside the Cell. Part 2: Regulation of Enzymes (MP USA 43min color). 
Explains the factors regulating enzyme action. Shows a laboratory 
demonstration of feeding radioactive acetate to rats. Discusses the 
effects of drugs on enzymes, the action of antimetabolites, glycoly¬ 
sis, and Kreb’s cycle. Gives a picture of chemical action inside the 
cell. 

Livestock and Mankind (MP USDA llmin). Explains how animal 
husbandry and veterinary science have increased the usefulness of 
domestic animals to mankind. Shows the work of the U.S. Dept, 
of Agriculture in the field of animal industry. 

Man-Made Miracles (MP Am Guernsey 30min color). Exhibits 
various types of dogs, horses, and cattle; and explains how these 
types have been developed through breeding, training, and 
nutrition. 

Meiosis (MP Phase 19min). Includes fourteen scenes of living 
cells—primary and secondary spermatocytes—growing through 
prophase, metaphase, anaphase, and telophase of both cycles of 
division. Time-lapse photography. 

Save More Lambs (MP USDA 7min). Shows farmers how to care 
for the ewes before and after lambing time in order to cut down the 
death losses among baby lambs. 

Selecting and Judging Breeding Hogs (FS USDA/Photo 31 frames). 
Shows how to score various parts of lard- and bacon-type hogs. 
Illustrates good and bad points of each type. 

Selection of Breeding Stock—Beef (FS Pop Sci 100 frames color). 
Two filmstrips, 50 frames each, devoted to the male and the female. 
Emphasizes points to recognize in evaluating breeding character¬ 
istics. (Produced with the cooperation of Oklahoma A & M College.) 

Selection of Breeding Stock—Sheep (FS Pop Sci 80 frames color). Two 
filmstrips, 40 frames each, devoted to the male and the female. 
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Emphasizes points to recognize in evaluating breeding character¬ 
istics. (Produced with the cooperation of Oklahoma A & M 
College.) 

Selection of Breeding Stock—Swine (FS Pop Sci 90 frames color). 
Two filmstrips, 45 frames each, devoted to the male and the female. 
Emphasizes points to recognize in evaluating breeding character¬ 
istics. (Produced with the cooperation of Oklahoma A & M 
College.) 

Some Principles of Breeding Demonstrated with the Herediscope (FS USDA/ 
Photo 40 frames). Explains the fundamental laws of heredity and 
demonstrates the use of the herediscope, a device designed by 
R. R. Graves of the Bureau of Dairy Industry. 

Tailor-Made Sheep (MP USDA lOmin). Explains the work done at 
the U.S. Department of Agriculture Sheep Experiment Station, 
DuBois, Idaho. Shows two new breeds of sheep—the Columbia 
and the Targhce which are well adapted to the American range 
and describes their important characteristics. 

Triple Threat of Brucellosis (MP USDA 27min color). Explains the 
incidence of brucellosis in the United States and emphasizes the 
threat of this disease to cattle, swine, and human beings. Shows 
the nature of brucellosis and its infection of animals and humans. 
Recommends four methods of control. 

Valiant Years (MP MTP 26min). Story of the work of the veteri¬ 
narian, explaining why the United States is the safest country for 
raising animals and discussing various animal diseases. (Sponsored 
by the Associated Scrum Producers.) 
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DIRECTORY OF SOURCES 

Am Guernsey—American Guernsey Cattle Club, 70 Main St., 
Peterborough, N.H. v 

Athena—Athena Films, Inc., 165 W. 46th St., New York 19, N.Y. 
BIS—British Information Services, 30 Rockefeller Plaza, New Yor 

20, N.Y. . , , 

Q a jjf U—University of California, University Extension, Berkeley, 

Calif. , A 

CNFB—National Film Board of Canada, 1270 Avenue ol the Amer¬ 
icas, New York 20, N.Y. 

Coronet—Coronet Films, Coronet Building, Chicago 1, Ill. 

EBF—Encyclopaedia Britannica Films, Inc., 1150 Wilmette Ave., 

Wilmette, Ill. 

MTP—Modern Talking Picture Service, Inc., 45 Rockefeller Plaza, 

New York 20, N.Y. .... 

Nasco—National Agricultural Supply Co., Fort Atkinson, Wise. 
Phase—Phase Films, P.O. Box 423, Ross, Calif. 

Photo—Photo Lab, Inc., 3825 Georgia Ave., Washington 11, D.C. 
Pop Sci—Popular Science Publishing Co., 353 fourth Ave., New 
York 10, N.Y. 

USA—U.S. Department of the Army, Washington 25, D.C. 

USDA—U.S. Department of Agriculture, Washington 25, D.C. 
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use of, 76 
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Burdizzo forceps, 41 
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Castle, William Ernest, 184, 223, 
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Cattalo, 287 
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Brangus, 280 
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and production of, 335-336 
Dairy cows, artificial breeding in, 
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Dihybrid, definition of, 150 
Diploid, definition of, 151 
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genital (see Genital diseases) 

Dog, domestication of, 16-18 
“Dogs of All Nations,” 17 
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of dog, 16-18 
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of horse, 18 
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Dominant, definition of, 150 
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Down sheep, 278, 297-299, 393, 404 
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Ensminger, M. E., 316 



INDEX 


457 


Environment, 243 

in nongenetic variation, impor¬ 
tance of, 224-225 
Epididymis, 42-43 
Epistasis, 181 
dominant, 183 
incompletely duplicate, 183 
recessive, 182 

Equal-parent Index, 345, 349 
Equine gonadotropin, 89 
Estrogen, 51, 57 

Facts and fancy in breeding, 227-239 
Fairchild, T., 129 
Fallopian tubes, 54 
Family and selection, 324-326 
Fancy points in breeding, 237 
Feeding and management in beef 
cattle selection, 387-388 
Females, breeding, age at time of, 
83-85 

management of, 82-92 
care of, during pregnancy, 85 
before puberty, 82-92 
germinal meiosis in, 143-144 
Feminity, 51 

Fertility, definition of, 61 

and health in selection, 328-329 
Fetus, position of, in parturition, 
117-118 

Fleming, W., 130 
Follicle, 51 

Follicle-stimulating hormone (FSH), 
39, 53 

Freemartin condition in cattle, 64 

Gaines, W. L., 338 
Galton, Francis, 130 
Gamete, definition of, 151 
Gayal, 19, 20 

Gene theory of heredity, evidence 
supporting, 192-193 
Genes, 44, 193 

blocks of, changes in, 208-210 
deficiency, 209 
duplication, 209 


Genes, blocks of, changes in, 
heteroploidy (see Hetero- 
ploidy) 
inversion, 209 
translocation, 209 
and chromosomes, 138-140 
definition of, 150 
fixed, 200 

frequencies of, changed by selec¬ 
tion, 316-323 

general statements about, 207-208 
lethal action of (see Lethals) 
linear order of, 171, 173 
mutually supplementary, 182 
Genetic theory, modern, 193-195 
Genetic variation (see Variation) 
Genetic worth of cow, 361-364 
Genetics, 6-10, 13 
advance of, since 1900, 130-131 
definition of, 126 
development of, 10-11 
and practice of breeding, 133-134 
problems of, 131-132 
Genital diseases, 65-68 

bovine venereal trichomoniasis, 

67-68 

brucellosis, 65, 67 
vaginitis, 68 
vibrio fetus, 68 
Genotype, 151, 231-232 
Germ cells, formation of, purpose of 
reduction in, 144 
origin of, 141-142 
Germ plasm, 138 
Germinal epithelium, 50 
Gestation table, 115 
Glands, accessory, 43-44 
Cowper’s, 43 
prostate, 43 
seminal vesicles, 43 
Goats, domestication of, 20 
Grades, registering, 238 
Grading, 273-276 

Growth rates, effects of inbreeding 
on, 258 

Guernsey cattle, 306, 338, 366 
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for, 343 
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Trophy, 366 

Hackney horse, 245, 436 
Haley, Jack, 386 
Ham, L.j 7, 100 

Hamprace hogs, 20, 281, 282, 284 
Hampshire hogs, 282, 418 
Hampshire sheep, 244, 289, 297- 
299, 393, 394 

Hampshire Swine Registry Associa¬ 
tion, 410 
Hansson, N., 12 
Haploid, definition of, 151 
Haploid number, 210 
Hardy-Wcinberg formula, 318 
Harper, F. A., 3 
Harsch, E. M., 410 
Harvard University, 8, 223 
Hays, W. M., 130 
Health and fertility, 328-329 
Heat, 51, 56-57 
Heifers, selection of, 357-361 
Heredity , The Journal of , 187 
Heredity, 197 
background of, 125-134 
definition of, 11, 125 
gene theory of, evidence support¬ 
ing, 192-193 
how it works, 177—195 
mode of transmission of, problem 
of, 132-133 

modified two-gene, 179-183 
multiple gene, 183-186 
physical basis of, 136-146 
primary laws of, 148-164 
secondary laws of, 166-175 

application of, to farm animals, 
174-175 

sex-influenced, 192 
sex-linked, 189-192 
Hereford cattle, 23, 212, 237, 244, 
279-281, 299, 300, 302, 303, 
326, 378, 386 


Heritability, 315, 322-323 
of important swine characters, 
412—414 

Hermaphrodite, 235 
Hertwig, Oskar, 7, 130 
Heteroploid, 211 
Heteroploidy, 210-211 
Heterosis, 12, 284-285 
Heterotypic division, 142 
Heterozygote, 151 
Heterozygous, definition of, 11 
Hillman, J. W., 430 
Hinny, 285 

Hoefer, J. A., 420-422 
Hofmeister, Wilhelm, 10, 129 
Hogs (see Swine) 

Holstein cattle, 9, 27, 212, 237, 244, 
306, 333, 346-349, 351, 358 
conversion factors for, 342 
Homotypic division, 142 
Homozygote, 151 
Homozygous, definition of, 11 
Hooke, Robert, 136 
Hormones, 38-39 
gonadotropic, 39, 53 
ovarian regulation by, 53-54 
ovulating, 53 
regulation by, 39 
Horneman, H. C., 430 
Horns and uterus, 54-55 
Horses, American Pacer, 22 
American Saddle (see American 
Saddle horse) 

American Trotter, 22 
Arabian (see Arabian horse) 

Barb, 18, 431 

Belgian, 430, 431 

breeding problems with, 90-91 

Canadian Pacer, 431 

Clydesdale, 275, 430 

domestication of, 18 

Hackney, 245, 436 

harness type, selection of, 436 

lethals in, 188 

Palomino, 435 

Percheron (see Percheron horse) 
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Horses, Quarter, 432-435 
saddle, selection of, 432-435 
selection of, 427-436 
for color, 435-436 
for draft, 429-431 
general principles of, 428-429 
for speed, 431-432 
Shire, 261 

Standardbred (see Standardbred 
horse) 

Tennessee Walking, 434-435 
Thoroughbred (see Thoroughbred 
horse) 

use of stallions, 78-79 
Husbandry, animal, ancient, 20-21 
medieval, 21-22 
modern, 22-24 
Hyatt, G., 333 
Hybrid, definition of, 150 
Hybridization, 285-287 

Illinois Agricultural Experiment Sta¬ 
tion, 291 

Inbred lines, crossing of, for com¬ 
mercial production, 306-311 
Inbred Livestock Registry Associa¬ 
tion of St. Paul, Minnesota, 284 
Inbreeding, 5, 12, 243-268 
coefficient of, 249-253 
of common ancestors, 252 
conformity of results of, with 
theoretical expectations, 262- 
264 

genetic effects of, 256-258 
good experiences with, 260-261 
outward effects of, 258-265 

appearance of hereditary lethals 
or other abnormalities, 259- 
260 

on breeding value, 264-265 
on growth rates, 258 
on production of dairy cows, 259 
on reproductive performance, 
258-259 

on uniformity, 260 
on vigor, 259 


Inbreeding, types of, 255-256 
closebreeding, 255, 265 
linebreeding (see Linebreeding) 
Indiana State Fair, 1949, 389 
Individuality and selection, 323-324 
Infundibulum, 54 
Inheritance (see Heredity) 

Inhibitors, 183 

Insemination, artificial (see Artificial 
insemination) 

Interference, 174 

International Livestock Show, 1921 
and 1923, 275 

1948, 383 

1949, 23, 441 
Interstitial cells, 37, 38 
Inversion, 209 

Iowa Agricultural Experiment Sta¬ 
tion, 423 

Jersey cattle, 6, 7, 236, 263-265, 273, 
306, 338 

conversion factors for, 343 
Journal of Heredity, The , 187 

Kellogg, Mrs. W. S., 348 
Kentucky, University of, 441 
King, F. L., 435n. 

King, H. D., 12 

King Ranch, Texas, 279, 388 

Knapp, B., Jr., 376 

Kolliker, Rudolf Albert von, 130 

Laidlow, James, 278 
Lamarck, Jean Baptiste, 218 
Lamarckism versus Weismannism, 
218-219 

Langwatcr Trophy, 366 
Lardy, H. A., 103 
Lasater Ranch, Texas, 280 
Laughlin, H. H., 428 
Leeuwenhoek, Anton van, 7, 100 
Leicester sheep, 261, 278 
Lethals, 186-189 
amputated, 186 
hairless, 186 



460 


INDEX 


Lethals, hereditary, appearance of, 
with inbreeding, 259-260 
list of, 188-189 
parrot-beaked, 186 
short-spined, 186 
Life magazine, 17 
Lincoln sheep, 277, 278, 298, 393 
Linear order of genes, 171, 173 
Linebreeding, 255, 256, 265-268 
Linecrossing and crossbreeding, 289- 
311 

Linin network, 138 
Linkage, 167-168 
Linkage groups, limitation of, 174 
Livestock trends in United States, 
24-26 

present status and problems in, 
26-27 

Long-wool sheep, 277, 278 
Longhorn cattle, 261 
Lush, Jay L., 271, 333 
Luteinizing hormone (LH), 39, 53 

McClintock, B., 193 
McClung, Clarence Erwin, 130 
Males, breeding, management of, 
73-80 

care of, before puberty, 73-74 
general management of, 79-80 
germinal meiosis in, 142-143 
young, service for, 74-75 

training of, for service, 75-79 
Management, of breeding females, 
82-92 

of breeding males, 73-80 
and feeding in beef cattle selection, 
387-388 

general, of males, 79-80 
Mason, M., 17 
Mass selection, 270 
Massachusetts, University of, 358, 
429, 433 

Maternal impressions, 229 
Meadow Lodge Farm Trophy, 366 
Meiosis, germinal, in female, 143- 
144 


Meiosis, germinal, in male, 142-143 
Mendel, Gregor, 10, 127, 129, 130, 
132, 133, 148-164, 177, 181, 
183, 207, 208 

Mendelian law, first, 152-157 
second, 157-164 
Mendelian terms, 150-152 
Mendelism, 149 
Merino sheep, 129, 207, 278 
American, 391, 393 
Metal Ages, 15 

Miles City, Montana, Experiment 
Station (see U.S. Range Live¬ 
stock Experiment Station) 

Milk secretion, 120-121 
Minnesota University of, 84 
Minnesota Agricultural Experiment 
Station, 282, 293, 299 
Minnesota No. 1 hogs, 20, 282-284 
Missouri, University of, 84 
Mitosis, 142 
somatic, 140 

Modification, 217, 220-223 
anatomical, 220-221 
environmental, 221-222 

functional, 222-223 
Monohybrid, definition of, 150 
Montana Agricultural Experiment 
Station, 282 

Morgan, T. H., 169, 171 
Morgan Horse, 20, 431, 433-435 
Morphoditcs, 235 
Mouw, Peter, 409-410 
Muller, Hermann Joseph, 130, 205 
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Mutations, 205-207 

general statements about, 207-208 
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operative, 95 
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Nicking, 232-233, 351 
Nilsson-Ehle, 183 
Nordby, J. E., 398 
Norton, H. W., Ill, 333 



Nutrition, importance of, in female’s 
part in reproduction, 59-60 
in male’s part in reproduction, 
46-47 

Nutritional deficiencies as cause of 
reproductive failure, 68 

Offspring, care of, at parturition, 
119-120 

Ohio Agricultural Experiment Sta¬ 
tion, 89, 295, 296, 309 
Ohio State University, 23 
Oklahoma Agricultural Experiment 
Station, 308 

“Origin of Species," 129, 218 
Outbreeding, 244, 270-287 
Outcrossing, 270-272 
Ova (eggs), 49-51 
vitality of, 58 

Ovarian regulation by hormones, 
53-54 

Ovaries, anatomy of, 50 
normal functions of, 50-53 
Overdominance, 285 
Oviducts, 54 
Ovulation, 51, 57-58 

time of, breeding in relation to, 58 
Owen, Richard, 129 
Oxford sheep, 393 

P, definition of, 151 
Painter, T. S., 130, 139 
Palomino horse, 435 
Panama sheep, 278, 394 
Pangenesis, 219 
Parthenogenesis, 193 
Parturition, 49 
act of, 116-117 
assistance at, 119 
care of dam at, 120 
care of offspring at, 119-120 
place of, 113-114 
position of fetus in, 117—118 
preliminaries to, 116 
process of, 116-118 
Sanitation at, 114, 116 
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Pedigree breeding, 5 
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